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PREFACE. 


Before  entering  upon  our  subject  proper,  we  think  it 
advisable  to  explain  a  few  points,  simple  though  they  are, 
which  might  cause  confusion  to  some  readers.  Our 
experience  has  shown  us  that  as  soon  as  we  use  the  words 
"millimeter"  and  "degree,"  perplexity  is  the  result.  "What 
is  a  millimeter?"  is  propounded  to  us  very  often  in  the 
course  of  a  year ;  nearly  every  new  acquaintance  is  inter- 
ested in  having  the  metric  system  of  measurement,  together 
with  the  fine  gauges  used,  explained  to  him. 

The  metric  system  of  measurement  originated  at  the  time 
of  the  r>ench  Revolution,  in  the  latter  part  of  the  i8th  cen- 
tury ;  its  divisions  are  decimal,  ju^t  the  same  as  the  system 
of  currency  we  use  in  this  country. 

A  meter  is  the  ten  millionth  part  of  an  arc  of  the  meridian 
of  Paris,  drawn  from  the  equator  to  the  north  pole ;  as  com- 
pared with  the  English  inch  there  are  39  jVoVt  inches  in  a 
meter,  and  there  are  25.4  millimeters  in  an  inch. 

The  meter  is  sub-divided  into  decimeters,  centimeters 
and  millimeters;  1,000  millimeters  e(iual  one  meter;  the 
millimeter  is  again  divided  into  loths  and  the  loths  into 
looths  of  a  millimeter,  which  could  be  continued  in- 
definitely. The  I'o  millimeter  is  equal  to  the  23*4,7 
of  an  incli.  'ihese  are  measurements  with  which  the  watch- 
maker is  concerned.  -jJo  mil'imeter.  written  .01  mm.,  is 
the  side  shake  for  a  balance  pivot;  nndtiply  it  by  2^4  and 
we  obtain  the  thickness  for  the  ^p^ing  detent  ui  a  pocket 
chronometer,  which  is  about  j-'s  the  thickness  of  a  human 
hair. 

The  metric  system  of  measurement  is  used  in  all  the  watch 
factf>ries  of  .Switzerland,  I'rance,  Germany,  and  the  United 
States,  and  nearly  all  the  latin.'  makers  number  their  chucks 
bv  i'.  ani.l  •^onie  <'f  them  cut  tlu-  k-ading  screws  on  their  slide 
rests  to  it. 
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In  any  modern  work  on  horology  of  value,  the  metric 
system  is  used.  Skilled  horologists  use  it  on  account  of  its 
co:  iiiciu'c.  The  millimeter  is  a  unit  which  can  be  handled 
on  the  small  parts  of  a  watch,  whereas  the  inch  must  al- 
ways he  divided  on  anything  smaller  than  the  plates. 

Equally  as  fine  gauges  can  he  and  are  made  for  the  inch 
as  for  the  metric  system,  and  the  inch  is  decimally  divided, 
but  we  require  another  decimal  point  to  express  our  meas- 
urement. 

Metric  gauges  can  now  be  procured  from  the  material 
shops ;  they  consist  of  tenth  measures,  verniers  and  microm- 
eters ;  the  finer  ones  of  these  come  from  Glashutte.  and  are 
the  ones  mentioned  by  Grossmann  in  his  essay  on  the  lever 
escapement.  Any  workman  who  has  once  used  these  in- 
struments could  not  be  persuaded  to  do  without  them. 

No  one  can  comprehend  the  geometrical  principles  em- 
ployed in  escapements  without  a  knowledge  of  angles  and 
their  measurements,  therefore  we  deem  it  of  sufficient  im- 
portance to  at  least  explain  what  a  degree  is,  as  we  know 
for  a  fact,  that  young  workmen  especially,  often  fail  to  see 
how  to  apply  it. 

Every  circle,  no  matter  how  large  or  small  it  may  be, 
contains  ,^6o^  ;  i  degree  is  therefore  the  360th  part  of  a 
circle ;  it  is  divided  into  minutes,  seconds,  thirds,  etc. 

To  measure  the  7'a!iic  of  a  degree  of  any  circle,  we  must 
multii)ly  the  diameter  of  it  by  3. 14 16.  which  gives  us  the 
circumference,  and  tlien  divide  it  by  360.  It  will  be  seen 
that  it  'K'licnds  on  the  size  of  that  circle  or  its  radius,  as  to 
the  value  of  a  degree  in  any  actual  measurement.  To  illus- 
trate :  a  degree  on  the  earth's  circumference  measures  60 
geographical  miles,  while  measured  on  the  circumference 
of  an  escape  wheel  7.5  mm.  in  diameter,  or  as  they  would 
designate  it  in  a  material  shop,  Xo.  jyj,  it  would  be  7.5  X 
3.i4iC)^- 360  =  .0^)55  mm.,  which  is  equal  to  the  breadth  of 
an  rirdinary  human  hair ;  it  is  a  degree  in  ]v^{h  case*;,  bv,t  the 
difference  is  very  great,  therefore  a  degree  cannot  be  asso- 
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ciated  with  any  actual  measurement  until  the  radius  of  the 
circle  is  known.  Degrees  are  generated  from  the  center  of 
the  circle,  and  should  be  thought  of  as  to  ascension  or  direc- 
tion and  relative  value.  Circles  contain  four  right  angles  of 
90°  each.  Degrees  are  commonly  measured  by  means  of  the 
protractor,  although  the  ordinary  instruments  of  this  kind 
leave  very  much  to  be  desired.  The  lines  can  be  vcrihed  by 
means  of  the  compass,  which  is  a  good  oractical  method. 

It  may  also  be  well  to  give  an  explanation  of  some  of  the 
terms  used. 

Drop  equals  the  amount  of  freedom  which  is  allowed  for 
the  action  of  pallets  and  wheel.    See  Z,  Fig.  i. 

Primitive  or  Geometrical  Diameter. — In  the  ratchet  tooth 
or  English  wheel,  the  primitive  and  real  diameter  are  equal ; 
in  the  club  tooth  wheel  it  means  across  the  locking  corners 
of  the  teeth  ;  in  such  a  wheel,  therefore,  the  primitive  is  less 
than  the  real  diameter  by  the  height  of  two  impulse  planes. 

Lock  equals  the  depth  of  locking,  measured  from  the 
locking  corner  of  the  pallet  at  the  moment  the  drop  has 
occurred. 

Run  equals  the  amount  of  angular  motion  of  pallets  and 
fork  to  the    lankings  after  the  drop  has  taken  place. 

Total  Lock  equals  lock  plus  run. 

A  Tangent  is  a  line  which  touches  a  curve,  but  does  not 
intersect  it.  AC  and  .AD,  Figs.  2  and  3,  are  tangents  to 
the  primitive  circle  GH  at  the  points  of  intersection  of  EB, 
AC.  and  GH  and  FB.  AD  and  GH. 

Impulse  Angle  equals  the  angular  connection  of  the  im- 
pulse or  ruby  pin  with  the  lever  fork ;  or  in  other  words,  of 
the  balance  with  the  escapement. 

Impulse  Radius. — From  the  face  of  the  impulse  jewel 
to  the  center  of  motion,  which  is  in  the  balance  staff,  most 
writers  assume  the  impulse  angle  and  radius  to  be  equal, 
and  it  is  true  that  they  must  conform-  with  one  another.  We 
have  made  a  radical  change  in  the  radius  and  one  which 
does  not  affect  the  angle.     We  shall  prove  this  in  due  time, 
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and  also  that  the  wider  the  impulse  pin  the  greater  must  the 
impulse  radius  be,  although  the  angle  will  remain  un- 
changed. 

Right  here  we  wish  to  put  in  a  word  of  advice  to  all  young 
men,  and  that  is  to  learn  to  draw.  Xo  one  can  he  a  thorough 
watchmaker  unless  he  can  draw,  because  he  cannot  compre- 
hend his  trade  unless  he  can  do  so. 

We  know  what  it  has  done  for  us,  and  we  have  noticed 
the  same  results  with  others,  therefore  we  speak  from  per- 
sonal experience.  Attend  night  schools  and  mechanic's  in- 
stitutes and  improve  yourselves. 

The  young  workmen  of  Toronto  have  a  great  advantage 
in  the  Toronto  Technical  School,  but  we  are  sorry  to  see 
that  out  of  some  C^oo  students,  only  five  watchmakers  at- 
tended last  year.  We  ran  account  for  the  majority  of  them, 
so  it  would  seem  as  if  the  young  men  of  the  trade  were  not 
much  interested,  or  thoughi  they  could  not  apply  the  knowl- 
edge to  be  gained  there.  This  is  a  great  mistake ;  we  might 
almost  say  that  knowledge  of  any  kind  can  be  applied  to 
horology.  The  young  men  who  take  up  these  studies,  will 
see  the  great  advantage  of  them  later  on ;  one  workman  will 
labor  intelligently  and  the  other  do  blind  "guess"  work. 

We  are  now  about  to  enter  upon  our  subject  and  deem 
it  well  to  say.  we  have  endeavored  to  make  it  as  ])lain  as 
possible.  It  is  a  deep  subject  and  is  ditificult  to  treat  lightly  ; 
we  will  treat  it  in  our  own  wav.  paying  s])ecial  attention  to 
all  these  points  which  hothef  1  us  during  the  many  years 
of  jiaiiistaking  study  wliich  we  gave  to  the  subject.  We 
c-pfcially  endeavor  to  point  out  how  theory  can  be  apjilied 
to  practice;  wiiilc  we  cannot  expect  tiiat  everyone  will  un- 
(ler-tand  the  -ubject  witiiont  study,  we  think  we  have  made 
it  comparati\e!y  ea-}'  of  comprehension. 

W'c  will  give  our  method  of  drafting  the  escapement, 
wliich  happens  in  some  respects  to  ditfcr  trniii  oiliers.  We 
Ix'lievf  in  making  a  drr/wing  which  we  can  reproduce  in  a 
watch. 


AN   ANALYSIS   OF   THE   LEVER   ESCAPEMENT. 


The  lever  escapement  is  derived  from  Graham's  dead- 
beat  escapement  for  clocks.  Tliomas  Mudge  was  the  first 
horolos^ist  who  successfully  apjilied  it  to  watches  in  the 
detached  form,  alx5Ut  1750.  The  lockinj;  faces  of  the  pallets 
were  arcs  of  circles  struck  from  the  i)alkt  centers.  Many 
improvements  were  made  upon  it  until  to-day  it  is  the  best 
form  of  escapement  for  a  jjcneral  purpose  watch,  and  when 
made  on  mechanical  principles  is  capa])le  of  producing  first 
rate  results. 

Our  object  will  be  to  explain  the  wliys  and  wherefores  of 
this  escapement,  and  we  will  at  unce  bi'gin  with  the  number 
of  teeth  in  the  escape  wheel.  It  is  not  obligator\  in  the 
lever,  as  in  the  ver^e,  to  liave  an  uneven  number  of  teeth 
in  the  wheel.  While  nearly  all  have  15  teeth,  we  might 
make  them  of  14  or  16;  (jcca>i()nally  we  find  -ome 
in  complicated  watches  uf  12  teeth,  and  in  old  F,ngli>h 
watches,  of  lo,  whicii  is  a  clumsy  arrangement,  ami  if  tiie 
pallets  embrace  only  three  teeth  m  the  latter,  the  pallet  cen- 
ter cannot  be  pitclied  (in  a  tangent. 

.\lthough  advisable  from  a  liming  standpoint  that  the 
teeth  in  the  escapo  wheel  shmdd  divide  evenly  into  tl;e  num- 
ber of  beats  made  jier  minute  in  a  watch  with  seconds  hand, 
it  is  not,  strictly  s])eaking.  necessary  that  it  sIkjuUI  do  so, 
as  an  example  will  show.  Wc  will  take  an  ordinary  watch, 
beating  300  times  per  minute  :  we  will  fit  an  escape  wheel  of 
16  teeili  ;  multiiily  this  by  _>,  as  there  is  a  It)rwar(I  and  tlien 
a  return  motinn  vi  the  bakince  and  consequently  two  beats 
for  each  tCK.illi,  making  lA  X  -  ~  32  licats  for  each  revulu- 
tinn  of  the  escape  uliei'l.  300  b(.'at>  are  made  ])er  minute: 
divide  this  by  the  beats  made  (.'U  each  rcvolulion,  antl  we 
have  the  nunilier  of   times   in   uliich   the  esc;i|K'   wheel   re- 
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diameters  of  the  4tli  wheel  and  escape  pinion.  We  must 
now  find  a  suitable  nuniher  of  teeth  fur  this  wheel  and 
pinion.  Of  available  pinions  for  a  watch,  the  only  one 
which  would  answer  would  be  one  of  8  leaves,  as  any  other 
number  would  {jive  a  fractional  number  of  teetli  for  the  4th 
wheel,  therefore  9.375  X  8  =  75  teeth  in  4th  wheel.  Xow 
as  to  the  proof:  as  is  well  known,  if  we  nuiltiply  the  number 
of  teeth  contained  in  4th  and  escape  wheels  also  by  2,  for  the 
reason  previously  given,  and  divide  by  the  leaves  in  the  es- 
cape pinion,  we  iret  the  nunil)er  of  Ix'ats  made  per  minute; 
therefore     'i^JJ?'!    =  300  l>eats  per  minute. 

Pallets  can  be  made  to  embrace  more  than  three  teeth,  but 
would  be  nuich  heavier  and  therefore  the  mechanical  action 
would  suffer.  They  can  aI.<o  be  made  to  embrace  fewer 
teeth,  but  the  necessar\-  side  shake  in  the  pivot  b()les  wouKl 
prove  very  detrimental  to  a  total  lifting  angle  of  10°,  wliiih 
represents  the  angle  of  movenxnt  in  modern  watches.  Si  me 
of  the  finest  ones  only  make  8  or  9"  of  a  movement:  the 
smaller  the  angle  the  greater  will  the  effects  of  defective 
workmanship  l>e ;  10°  is  a  common-sense  angle  and  gives  a 
safe  escapement  cai);>ble  of  fine  results.  Theoretically,  if  a 
timepiece  could  be  produced  in  which  the  balance  would  vi- 
brate without  being  connected  with  an  escapement,  we  would 
have  reached  a  step  nearer  the  goal.  Practice  has  shown 
this  to  be  the  proper  theory  to  work  on.  Hence,  the 
smaller  the  pallet  and  impulse  angles  the  less  will  the  bal- 
ance and  escapement  be  connected.  The  chronometer  is 
still  more  highly  detacb.ed  than  the  lever. 

The  pallet  embracing  three  teeth  is  sound  and  practical, 
and  when  applied  to  a  15  tiToth  wheel,  this  arrangement  of- 
fers certain  geometrical  and  mechanical  advantages  in  its 
construction,  which  we  will  notice  in  due  time.  15  teeth  di- 
vide evenly  into  3rK)'  leaving  an  interval  of  24°  from  tooth 
to  tooth,  which  is  also  the  angle  at  which,  the  locking  faces 
of  the  teeth  are  inclined  from  tlic  center,  whicli  fact  will 
be  found  convenient  when  we  come  to  cut  our  wheel. 
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From  lockinjj  to  lockinp^  on  the  pallet  scapinfj  over  three 
teeth,  tiie  an},'le  is  60°,  which  is  e(jual  to  2'/j  spaces  of  the 
wiicel.  I"i,c[.  (  illustrates  tlie  lockinK^.  spanninp;  this  arc.  If 
the  pallets  ciiihraced  4  teeth,  the  an,i;le  would  he  84°  ;  or  in 
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case  of  a  16  tooth  wheel  scapiui,'  over  three  teeth,  the  tiw^lc 
would  be     ■■«',«•     ^  5')'4°- 

J'aliels  may  \)v  dividoil  into  two  kinds,  namely:  e(|uidistant 
and  circular.  'J  he  equidistant  pallet  is  socalled  because  the 
lockuii^s  arc  an  equal  distance  iiom  tlie  center:  sometimes 
it  is  also  called  the  tangential  escapement,  on  account  of  the 
uiilockinj^'  taking:  place  on   the  intersection  of  tangent  AC 
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with  Ei;,  and  F15  with  .\D,  the  tansents,  which  is  the  valu- 
able feature  of  this  form  of  escapement. 

AC  and  AD,  ]-\-:;.  j.  are  tanj;ents  to  tlie  primitive  circle 
CiH.      AL!E   and    .\P>I'   are   angles   of   30^    each,   together 
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therefore  forniinp  tlic  anj,'le  FI'.K  of  Ck)°.    The  lockinj;  circle 
MX  is  struck  fmin  tlie  pallet  center  A;  the  inlerangles  be- 


inereiore  Kirniinij  uie  an^ie  rni-.  ui  <>u  .  i  nc  hivimmh  vii<.i\ 
MX  is  struck  fmin  the  pallet  center  A;  the  inlerangles  be 
ing  eijual.  cunseciuently  the  pallets  must  be  ccpiidistant. 

The  weak  point  of  this  pallet  is  that  the  liftinj;  is  not 
performed  so  favorably;  by  examininj;  the  liftiiij,'  planes 
MO  and  XT,  we  see  that  the  dischar^injj;  edj;e.  ( ),  is  closer 
to  the  center.  A,  than  the  discharjj;injT  edfjc.  I';  consetpieiitly 
the  liftini;  on  the  enjijaj^Mnt;:  pallet  is  performed  on  a  slujrter 
lever  arm  than  on  the  disenj;af;infj  pallet,  also  any  inecpiality 
in  workmanshi])  would  prove  more  detrimental  on  the  en- 
fXatjint:;  than  on  the  disen^ai^inf;  pallet.  The  ecpiidistant  pal- 
let reijuires  fine  workmanship  throughout.     We  have  pur- 
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posely  shown  it  of  a  width  of  IO^  which  is  the  widest  we 
can  employ  in  a  15  tooth  wheel,  and  shows  the  defects  of 
this  escapement  more  readily  than  if  we  had  used  a  narrow 
]Kdkt.  .\  narrower  ijallet  is  advisable,  as  the  difference  in 
the  .lischarjjintx  ed,t;e.s  will  be  less,  and  the  YiiUn^  arms 
would,  tliercfore,  not  show  so  much  difference  in  leverage. 
The  circular  pallet  is  sometimes  ai)i)n)priatcly  called  "the 
jiallet  with  ecpial  lifts,"  as  the  lever  arms  AMO  and  .\XP, 
l"ig.  3,  are  equal  len.^ths.  It  will  be  noticed  by  examining 
the  diagram,  that  the  i)allets  are  bisected  by  the  ^o^  lines  EB 
and  b'ii.  one-half  iheir  uidlli  being  piaccii  on  each  sule  of 
these  lilies.     In  this  i)allet  we  have  two  locking  circles,  MP 
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for  tl'e  cn},'afi:inK  pallet,  and  N'( )  for  the  disenKaging  pallet. 
The  weak  points  in  this  esca|;cn.crt  arc  that  the  unlocking 
resistance  is  greater  on  the  engaging  than  on  the  disen- 
gaging pallet,  and  that  neitlicr  of  them  lock  on  the  tangents 
AC  and  .\I),  at  the  points  of  intersection  with  KB  and  FB. 
The  narrower  the  circular  pallet  is  made,  the  nearer  to  the 
tangent  will  the  unlocking  he  performed.  In  neither  tiie 
equidistant  or  circulai  pallets  can  the  unlocking  resistance 
he  exactly  the  saine  on  each  pallet,  as  in  the  engaging  jiallit 
the  friction  takes  place  hefore  AB,  the  line  of  centers,  which 
is  more  severe  than  when  this  line  has  heen  passed,  as  is  the 
case  with  the  disengaging  pallet ;  this  fact  proportionately 
increases  the  existing  defects  of  the  circular  over  the  equi- 
distant pallet,  and  vice  irrsa,  but  for  the  same  reason,  the 
lifting  in  the  equidistant  is  proportionately  acompanied  hy 
more  friction  than  in  the  circular. 

Both  equidistant  and  circular  pallets  have  their  adherents ; 
the  finest  Swiss,  French  and  German  watches  are  made  with 
equidistant  escapements,  while  the  majority  of  English  and 
American  watches  contain  the  circular.  In  our  opinion  the 
English  are  wise  in  adhering  to  the  circular  form.  We  think 
a  ratchet  wheel  should  not  be  employed  with  equidistant 
pallets.  By  examining  Fig.  2,  we  see  an  English  pallet  of 
this  form.  \Vc  have  shown  its  defects  in  such  a  wide  pal- 
let as  the  English  (as  we  have  I>efore  stated),  because  they 
are  more  readily  perceived ;  also,  on  account  of  the  shape 
of  the  teeth,  there  is  danger  of  the  discharging  edge,  P, 
dipping  so  deep  into  the  wheel,  as  to  make  considerable  drop 
necessary,  or  the  pallets  would  touch  on  the  hacks  of  the 
teeth.  In  the  case  of  the  club  tooth,  the  latter  is.  hollowed 
out.  therefore,  less  drop  is  required.  We  have  noticed  that 
theoretically,  it  is  advantageous  to  make  the  pallets  nar- 
rower than  the  English,  lx)th  for  the  equitlistant  and  circular 
escapements.  There  is  an  escapement.  Fig.  4.  which  is 
just  the  opposite  to  the  EnJ;li^h.  The  entire  lift  is  per- 
formed by  the  wheel,  while  in  the  case  of  the  ratchet  wheel, 
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till-  iiitiic  liltiii!^  MV^U'  \^  oil  the  pallrts  ;  also,  the  pallets 
jjiin^  as  iiarrow  a-  tlie\  can  l)e  iiunle.  cciii>isient  witli 
>.treiiL;tli,  it  lia-  tlie  ^""(1  jK)iiU-.  ni  liotii  the  e(|iii(listant  ami 
circular  ii.i!lit>-.  a^  the  unluckiii^'  can  he  perfurmed  on  the 
tan-uit  anl  the  liltiii-  amis  are  of  eijial  len;^th.  Tlie  wlirel. 
Iii'urver,  i^  ^n  iiuich  heavier  a>  to  '-on.-iileralily  increase  ihc 
iiurtia;  al-n,  we  ha\e  a  metal  surface  of  (piite  an  extent 
-liilin^'  liver  a  tliiii  jewel.  I'^r  i)ractical  rea-'Ons.  therefore, 
it  lia-  Iieeii  ^lii^li'lv  ahrii  ■!  in  form  ami  i-  only  nseil  m  cheait 
W'lrk,  1. 1  ins,'  cavils   maiK'. 

We  will  iiiiw    cim  idcr  tin-  tlrup,  which  is  ;i  clear  loss  of 
]iM\<, ,r,  anil,  if  r\ci'--i\r.  i-  the  caii-e  nf  iiuuli  irreLTuIarity.  It 
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-hoiiM   1h    ;i-   -iii.JI  ii-   1".-mMi'  (i  n'^i-tenl   wilh   perfect    frir- 

li'      ;-  '         :•  II. 

In  -II  far  a-  tiii^iiUir  mea-uremeiitv  are  concerneil,  no  harij 
aiiil  ia>l  rule  can  1  e  applidl  li>  it.  the  lar-cr  the  escape  wheel 
thf  smaller  .slmnM  he  the  ani^le  allowed  for  drop.  .VntlKiri- 
ties  on  tin;  suhjict  allow  I ,' j ""  drop  for  the  eUib  and  2-"  for 
the  ratchet  tooth.  It  is  a  fact  that  escajie  wheels  are  not 
cut  perfectly  true:  the  teeth  are  a])!  to  bend  sli;j:ht'-  from 
the  action  of  the  cutters.  The  truest  wheel  can  ho  n.adc  of 
steel,  as  each  tuf)th  can  he  successively  jjnAUui  after  hein<; 
li.inkned  and  tempered.  Such  a  wlieel  would  require  kv-s 
drop  than  one  of  any  c'lier  luetal.     SupjKising  we  have  a 
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wheel  with  a  primitive  diameter  of  7.5  mm.,  Wiiat  is  the 
amount  of  drop,  allowing  1/^°  by  angular  measurement? 
7-5  X  3i4i''»-:-3'oX  i.5  =  .a>83  mm.,  which  is  sufficient; 
a  hair  could  get  between  the  pallet  and  tooth,  and  would  not 
stop  the  watch.  Even  after  allowing  for  imperfectly  divided 
teeth,  we  require  no  greater  freedom  even  if  the  wheel  is 
larger.  Now  suppose  we  take  a  wheel  with  a  primitive  di- 
ameter of  8.5  mm.  and  find  the  amount  ol  drop ;  8.5  X  ^■Hi'i 
->  3^)0  X  1.5=  M'J  mm-,  or  MJj  —  0983  =  .043  mm., 
more  drop  than  the  smaller  wheel,  if  we  take  the  same  angle. 
This  is  a  waste  of  force.  The  angular  drop  should,  there- 
fore, be  proportioned  according  to  the  size  of  the  wheel. 
We  wish  it  to  be  understood  that  common  sense  must  always 
be  our  guide.  When  the  horologica!  student  once  arrives 
at  this  standpoint,  he  can  hr-lligenlly  apply  himself  to  his 
calling. 

1  he  Draw. — The  --aw  or  uraft  angle  was  added  to  the 
pallets  in  order  to  draw  the  fork  back  against  the  bankings 
and  the  guard  point  from  the  roller  whenever  the  safety 
action  had  performed  its  function. 

Pallets  with  draw  are  more  difficult  to  unlock  than  those 
without  it,  this  is  in  the  nature  of  a  fauh,  but  whenever 
there  are  two  faults  wc  must  choose  the  less.  The  rate  of 
liie  watch  will  suffer  less  on  account  of  the  recoil  introduced 
than  it  would  were  the  locking  faces  arcs  of  circles  struck 
from  the  pallet  center,  in  which  case  the  guard  point  would 
often  remain  against  the  roller.  The  draw  should  he  as 
light  as  po.ssible  consistent  with  safety  of  action ;  some 
writers  allow  15°  on  the  engaging  and  12°  on  the  disengag- 
ing pallet;  others  again  allow  X2°  on  each,  which  we  deem 
sufficient.  The  draw  is  measured  from  the  locking  edges 
M  and  I,,  Fig.  5.  The  locking  planes  zvli^n  locked  are  in- 
clined 12°  from  EB,  and  FB.  In  the  case  of  the  engaging 
pallet  it  inclines  toward  the  center  A.  The  draw  is  produced 
on  account  of  M.\  being  lunger  than  R.A,  consequently, 
when  power  is  applied  to  the  scape  tocth  S,  the  pallet  is 
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drawn  into  ll.t'  wlu'cl.  Tlic  (li-cng^agin;^  pallet  inclinr-  in 
tlif  -anu-  (lircctiiiii  Ijul  away  from  the  center  A;  the  rea-dn 
i.>  oliviiuis  from  the  former  exiilanation.  Some  people  ini- 
a,i;ine  that  the  j;reater  the  incline-  on  the  locking  eilj;e  of  the 
c-cape  teeth,  the  stronj^er  the  draw  would  he.  Thi>  is  not 
the  case,  but  it  is  certainly  nece-  ary  that  the  point  of  the 
tooth  alone  should  touch  the  pallet.  I'Vom  this  it  follows 
that  the  an<.,de  on  the  teet'.i  niu-t  he  greater  than  on  the  pal- 
lets; exannne  the  (li<en,gag:ng  pallet  in  iMg  5,  as  it  is  from 
thi>  jwllet  that  the  inclination  of  the  teeth  nuist  be  deter- 
mined, a^  in  the  ca>e  of  the  engaging  pallet  the  motion  is 
toward  the  Ime  of  center^  .\V>.  and  therefore  azcax  from  the 
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tooth,  which  partially  explains  why  -nme  people  advocate 
15  draw  for  this  pallet.  .Vs  illustrated  in  the  ca>e  of  the 
disengaging  pallet,  however,  the  motion  is  also  towards  the 
line  of  centers  .Ml,  and  to^'anh  the  tooth  a--  well,  all  of 
which  will  be  seen  l;y  the  dotted  circles  M.M2  and  .\N2, 
reiire-enting  the  paths  of  the  pallets.  It  will  be  luniced  that 
Li.Xl'"  and  HXH  are  ojipo-^ite  and  eipial  angles  of  \2  .  l-Hr 
practical  rea>ons,  from  a  manufacturing  stanili>oint,  the 
angle  on  the  t<ioili  is  made  ju^t  twice  the  amount,  nriuiely 
J4  ;  we  couid  make  it  a  little  le.--^  or  a  little  more.  If  ue 
made  it  b'>~  than  .'>r  too  great  a  surface  would  Ik-  in  ciui- 
tact  with  the  jewel,  involving  greater  friction  in  unlocking 
and  an  iiu'tticictu  dr.aw  .  Inu  in  t!u-  ca-e  o'  an  I'.ngli^h  lever 
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w.ili  -ucli  an  ariannjciiK'nl  uc  cuull  ,1(.  with  U--,  di-,)]),  which 
advanta^^c  would  l)o  too  dcaily  hnuo^ht;  or  it  the  anL;K'  i- 
made  ovLT  _'S  ,  the  point  or  lockin-  ed-^e  of  the  tooth  would 
rapidly  heconic  Avoru  in  case  of  a  hra^-  'vlieel.  Al>o  in  an 
Lu_;li-li  lever  ni<jre  drop  wmdd  he  rerpiirecl. 

i  he  Lock. — What  we  have  >aid  in  rei^ard  to  drop  al-o 
applies  to  the  lock,  which  should  he  a-  >niall  as  ix-MhJe, 
consistent  with  perfect  safety.  The  -greater  the  drop  die 
deeper  must  he  the  lock  ;  i  ' ..  is  the  an.qle  -enerallv  allMwed 
lor  the  lock,  hut  it  is  ohvious  that  in  a  large  escap.enient  it 
c:m  he  less. 
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//((■  A';n/.~Thc  run  or,  a<  it  is  sc.nictimes  called,  •'the 
>hde,"  should  also  lx>  as  li^ht  as  possible:  from  '4  to  ,' ..  " 
i^  sufficient.  It  follows  then,  the  hankin,i,rs  sl„,„!d  he  as  cIoh' 
to-ether  as  possible,  coiisi-tent  with  reipiisite  freedom  Tt 
c-capinj,'.  .\nythin<;  more  than  this  increase^  the  anL,ailar 
caineclion  of  the  balance  with  the  cscaiH'ment.  which  di- 
rectly violates  the  theory  under  which  it  is  c. instructed  :  aNo, 
a  i,M-eater  amount  of , work  will  be  imposed  upon  tlu'  lialaiice 
to  meet  the  incriMscd  unlockin^g  rcMstance,  resultiiu;  in  a 
Door  motion  and  accurate  lime  will  be  out  .if  ib;  question. 
It  will  be  seen  that  those  workmen  who  make  a  practice  -if 
opctiinij-  the  banks,  -'to  t;ive  the  escai)cment  more  freedom," 
simi)ly  jumi)  from  the  fryiiii,^  pan  into  the  fire.  The  bank- 
mt^s  should  be  as  far  removed  from  the  jiallet  center  as  j)os- 
sible.  as  the  further  away  they  are  i.itched  the  Icss  run  wc 
renuire,  accordin.t;  to  angular  meaMiremcnt.     Fi<.:nre  C  illus- 
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trates  tin's  fact;  tlie  tooth  S  has  just  ilropped  on  the  en;  ig- 
ing  pallet,  but  tiie  fork  has  not  yet  reached  the  bankings. 
At  a  we  have  i°  of  run,  while  if  placed  at  b  we  would  only 
have  i^°  of  run,  but  still  the  same  freedom  for  escaping, 
and  less  unlocking  resistance. 

The  bankings  should  be  placed  towards  the  acting  end 
of  the  fork  as  illustrated,  as  in  case  the  watch  "rebar.ks" 
there  would  \k  more  strain  on  the  lever  pivots  if  they  were 
placed  at  the  other  end  of  the  fork. 

Ihc  Lift. — The  lift  is  composed  of  the  actual  lift  on  the 
teeth  and  pallets  and  the  lock  and  run.  We  will  suppose 
that  from  drop  to  drop  we  allow  lo^  ;  if  the  lock  is  1^-^° 
then  the  actual  lift  by  means  of  the  .nclincd  planes  on  teeth 
and  pallets  will  be  S'j".     We  have  seen  that  a  small  lifting 
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angle  is  advisable  so  that  the  vibrations  of  the  balance  will 
be  as  free  as  possible.  There  are  (jther  reasons  as  well.  Fig. 
7  shows  two  inclined  planes;  we  desire  to  lift  the  weight  2 
a  distance  ecpial  to  the  angle  at  which  the  planes  are  in- 
clined ;  it  will  be  seen  at  a  glance  that  we  will  have  less  fric- 
tion by  employing  the  smaller  incline,  whereas  with  the 
larger  one  the  motive  power  is  enii)loyed  through  a  greater 
distance  on  the  object  t.  be  moved.  The  smaller  the  angle 
the  mf)rc  energetic  will  the  movement  be;  the  grinding  of 
the  angles  and  tit  of  the  pi  vets,  etc.,  also  increases  in  im- 
Iiortance.  An  actual  lift  of  8j ..  satisfies  the  conditions  im- 
posed very  well.  Wo  have  Sefore  seen  that  both  on  ac- 
count of  the  unlocking  and  tlie  lifting  leverage  of  the  pal- 
let arms,  it  would  be  advisaide  to  make  them  narrow  both 
in  the  etjuidistam  an<l  rircul.ir  i,s(.ap<,nKiit.     \\e  will  no 
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Study  the  qucstif)n  from  tlu-  standpoint  of  the  Hft.  in  so 
far  as  the  wlieel  is  ronccrmd. 

It  is  self-evident  that  a  narrow  pallet  recpiircs  a  wide 
tootli.  and  a  wide  pallet  a  narrow  or  tliin  tooth  wheel ;  in  tlie 
ratchet  wheel  we  have  a  metal  point  jjussint,^  over  a  jewok-d 
I)lane.  The  friction  is  at  its  minimum,  because  there  is  less 
adhesion  than  with  the  club  tooth,  but  we  must  emiihasize 
the  fact  that  we  require  a  greater  an^Io  in  proportion  on 
the  pallets  in  this  escapement  than  with  the  narrow  pallets 
and  wider  tooth.  This  seems  to  be  a  point  which  nianv  do 
not  thoroughly  comprehend,  and  we  would  advi-v.  a  cl -e 
study  of  ^-  g.  8,  which  will  make  it  perfectly  clear,  as  we 


i'a 

Fig-    8. 

show  both  a  wide  and  a  narrow  pallet.  Gil,  rcproscius  the 
primitive,  which  in  this  ngure  is  also  the  real  diameter  of 
tlie  escape  wheel.  In  nn  asuring  the  lifting;  an,L;!o>  for  t!ic 
pallets,  our  starting  point  is  ci!x^-ays  frcmi  the  iaii-\tu^  Al' 
and  AD.  The  tangents  are  straight  lines,  Inii  the  uliei.1  de- 
scribes the  circle  (ill.  therefore  ♦iiev  mu-t  deviate  i:\aii  <  :ie 
another,  and  the  closer  to  the  center  A  tl'.e  di-rliar-ing  ed-e 
of  the  engaging  pallet  reaches,  the  greater  (!.«-.  thi-  dilYer- 
ence  become;  and  in  the  same  manner  the  lurdier  the  li:-- 
charging  edge  of  the  disengaging  ])aliet  i-  I'ri.ii!  ilie  .-em  r 
A  the  greater  it  is.  Tlii>  sh, ,\\.,  that  l!ie  1  -^  i-  -I'e.'it.r  in 
the  eqiuMistant  than  in  tlie  ciroidar  escipiiiieiit.      Vfter  tlii- 


Ji 


i8 


Tin;    u:\i.H    rs(  .\I'i:mkm. 


:  -    rn^in.i;  <-'I,i;e  (  "  ).  with  tlie  circle  (]  If,  an,l 

IS  sliown  tlimurrh  .\( "_',  wliic!,  intersects  these  circles  at  tliat 
p'>int.     In  the  ca-e  of  the  (Hsenj^aginq-  pallet,  IT  illustrates 


lat  it  anuninth  t 


K  pal 
,  which  is  efjual  to  tin 


•"'•  ■ ■"v.i  .-,v  tiuii  11  lunwuiuh  lu  ~   ,  \\  iiicn  IS  equal  lo  tne 

entire  Irx-k  ;  therefore  if  Sj  ^ "  ,_,f  work  is  to  he  aconiplishcl 
throu-h  this  pallet,  the  liftin-;  i>lane  requires  an  an-le  of 
lo'.. '    struck   from   AC. 


Let  us  now  c<insi<ler  the  lifting;  action  of  the  cluh  tooth 
wlu'cl.  rii!>  i>  (lecideilly  a  coni]iIicate(l  action,  and  require 
Some  study  !o  con^prehend.  In  action  with  the  en^M^in- 
]iallct  the  ulua-1  moves  •(/-,  or  in  the  direction  of  the  moti.  n 
of  the  jiallrts,  hut  oil  the  discn,i,'-a-ino-  pallet  it  moves  do:,ii, 
and  in  a  dirccti.n  oj  po-itc  to  the  nallet.s,  am'  the  h.eel  of  the 
t  .th  m.ives  with  -reater  vc!  city  t'lan  the  lin-kin-  ed-e: 
Ui'.t    i;i    the    r;(vc    nf    tin-    i>iio-i.-iii,v    .>-,U..i     .1...    i  ...i  : i  .. 


i.->  111  the  case  of  the  en-a-int,'-  pallet,  the  lockint^-  ed.L;e 
ni.ives  with  -reater  \elociiv  than  the  discharoinu''  ed,L,-e  :  in 
the  disrTi-a,L;in-  pallrt  the  opjiosue  is  the  case,  as  the  dis- 
char.L^in--  <  d-c  m.ives  with  t^reaier  ve!oeit\  th;in  the  lockini;. 

1  heso  ]„.iiit.  m\-!ve  fact.>rs  wlii-h  ic.ust  ]>,■  consi.lcred.  and 
tlic  draitiui;-  ot  a  correct  action  i^  of  paramount  importance: 
we  therviore  s|i,,w  the  lift  as  it  is  accomplished  in  four  dif- 
ferent .sta-.'.  in  a  -ond  actio,.  Pi_..  ,,  illustrates  the  en- 
^ML;ii;--.  and  li--.  lo  the  I'isen-aL^iiu:  prdli't  :  hy  comparing- 
the  h-urrs  i;  will  Ir  n  lici.l  that  the  lift  takrs  jd;,,-.'  o;, 
tile  p-im  .  I   the  t'-!li   sniiiiar  to  ;h.-   Kn-lis|i,  until  the  dis- 
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rliar,L;iii,iL,'  rd-r  ,,\  tlu-  paiK'i  ha-  hcui  i)asst,l.  ulk-ii  tln^  hci 
I'Tadiially  conn.-^  into  pl.iy  <>u  ilk:  ni-a.i^in.L;-,  Imt  more  .unckl-. 
on  t!ic-  (Ii-rn.L;aL;inL:  I'allct. 

We  will  ai-.  imticc  thai  iIuriiiL;-  tlie  tir^t  part  of  t'lr  lit"; 
the  tool],  nio\c^  I'aMer  alon-  ili^.  en-a,!;in-  lit'tii;-  plaiv 
than  on  tlie  .Hm  ii-a-iii- ;  .  iii  p.rlit^  J  aii-l  ;,  tln^  .hiier- 
eiu-e  is  (|niie  hir-e  :  muanl-  thi  atler  part  it"  the  hit  ilk- 
aotiou  I)ecoiik>  .|;iir!.rr  .iii  the  ■h^eii^ji^iii-  pallet  aiv!  -h^wvr 
'  II   I  ik-  eik^aL;inL;. 

'' "  "''\i.-i''-  \'l-  fiilVk-u:t_\  M.n,e  fine  watelk  ~,  i-otai,;.- 
''''■^*'  '  '  ^-^  i-aii,L;r  \-  >oii.,  have  eon\e\  lif'  n^-  piaiie-  (-ii 
ih^'    eiv^aiMii-^    uwl    eoneave    on     the    <Ii>eiiL;a^m^    J^allet-; 


Fin.  u. 


the  lil'tin-  planes  on  the  teeth  are  aNo  ciirv  ,|.  Sec  ]"i'j;. 
M.  I  Ins  is  (lec'kleclly  an  int^eiiiotii  arran.L;enK'iit.  an<l  is 
in  strict  accordance  with  scientific  investii;ati-n.  We 
should  sec  many  tine  watches  made  with  siicli  escape- 
nk'iit.s  it  the  means  I'or  iirodiiciiiLr  them  coii'd  I'ullv  satisfy 
tlie   reciiiireir.eiits  of   the   ^cien'ific  pi-inci]tles   involved. 

Tne  distrihntion  of  the  lilt  on  to,  tli  and  pallet  is  a  verv 
important  matter:  the  lifting-  an-le  on  the  tooth  ninst  he 
hss  in  projtortion  to  its  width  than  it  is  on  the  pallet.  I'or 
tlie  sake  of  makini::  it  pcrfectl\  plain,  we  i''nstrate  wliat 
^houlii  not  he  madi' ;  if  we  have  in'  V  for  widtli  of  t..ot!i 
and   pallet,  and   take   half  of   n    f-r  a   tooth,  and   the  other 
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half  for  the  pallet,  making  each  of  them  5';°  in  width 
and  suppose  we  have  a  liftinj,'  of  8>i°  to  distribute  between 
them,  by  allowing  4'4°  on  each,  the  lift  would  take  place 
as  shown  m  F.g.  12.  which  is  a  very  unfavorable  action 
Ihe  cd,-,'e  of  the  engaging  pallet  scrapes  on  the  lifting 
plane  ot  the  tooth,  yet  it  is  astonishing  to  find  some  other- 
wise very  fine  -^vatches  being  manufactured  right  alon- 
which  contain  his  fault;  such  watches  can  he  stopped 
with  the  ruby  pi„  i„  the  fork  and  the  engaging  pallet 
in  action,  nor  would  they  start  when  run  down  as  soon 
as  the  crown  is  touched,  no  matter  how  well  thev  were 
finished  and  fitted. 

The  lever  lengths  of  the  club  tooth  are  variable,  while 
with  the  ratchet   they  are  constant,   which  is  in   its   favor ; 


Fig.    li>. 

in  the  latter  it  would  alwavs  be  as  SR,  Fig.  13  This  is 
a  shorter  lever  -ban  Ol'.,  consu|ueMllv  morcM-nverful  al- 
tl:ough  the  greater  velocity  i.  at  ().  which  onlv  comes 
into  acti.n  atter  the  inertia  of  wheel  and  pallets  b.ns  been 
overcome,  and  when  the  greatest  momentum  .luring  cou- 
'.act  IS  reached.  SH  is  the  i)rimitive  radius  ,,f  the  club 
tooth  wheel,  but  both  i.rimitive  and  rci!  radius  .if  iIk- 
ratclut  uhrcl.  The  .listancc  -.1  rmUTs  of  ^yhvv\  and  pal- 
let will  be  alike  in  both  case^  also  iJio  lockin-s  will  be  the 
same  .li.^tance  apart  on  both  pallrN;  theivtMre.  wlier  borolo- 
gi-t-,  c\;n  if  they  have  worldwide  n'piitation^.  claim  that 
thr  chil.   tMotl,   !,.,.  an  ad-antage  ov.t  the   ratchet  becan<e 
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it  begins  the  lift  with  a  sliortcr  lever  tiian  the  latter,  it 
docs  not  make  it  so.  We  are  treating  tlie  subject  from  a 
purely  horological  standi)oint.  and  neither  patriotism  or 
prejudice  has  anything  to  do  with  it.     We  wish  to  sift  the 


Fig.  11. 

matter  thoroughly  and  arrive  at  a  just  conception  of  the 
merits  and  defects  of  each  form  of  escapement,  and  show 
reasons  for  our  conclusions. 

Anyone  who  has  closely  followed  our  deductions  must 
see  that  in  so  far  as  the  wheel   is  concerned  the   ratchet 


\e 


Fig.   12. 


KiK.    l." 


or  Eni^Iisli  wheel  ha-  several  point>  in  it-  l'a\r.r.  Such  a 
wlicel  is  in><-]>aralile  fii  ni  a  vvii'.e  pallci  ;  Ii'it  wc  lia\-e 
sc'ini 


that  a  narr. 'Wrr  pal!,  t  i-  advi-:^!)' 


and  luck  as  piiv>ibl(  :  cli-aily. 


a-  iiulv  dv'^p 


wo 


ui>'   I,  tU  r\  a  c  'n:i'r<  -iin-t 


""•      ''^11^      I  >'  Al'l  Ml   \|. 

Ill  <'tlnr  u,,r(!s,  .,,   ,•;,,.  ,i,,.   i,.,|.,„, 

lavor   ,.,-   ,1,,   ,|ul,   ,       1  '""■  ''^•'^-'"'"^'i-  i" 


"'  :l'^'  Krv.n  ,|iK-ti-n.  \\hi,l,  o 


^1^1. 


"""'  '"^tiK-,ntrlli.,;nii  ImroN;- 


^".•"■:ic-    uliM    !i,;s   c.\> 


•lU      iMllr: 


.  ,    ,  ,  '■    '■■■'■"    t^'f    I'.nii-    (,,    ,1,- 

'•      ^^    "'^   -"•'"!  II   'v,  1  .May  tla,n. 


'■V  (lirci-- 


p.;,",'"  '?'~-;"^ ;''  ^'•^'  "''-■•  ^-^i'  ^'-ni.i  1.  ti>n:„,iru;o 

;■■''-■'•-■  '-.!raw,„.tlK.tan,un<.\ran,l.\l.     F,..      • 
.;;     -l:nn;un.c.cnv!..nf.attlui.,er.ecti.„,,f^ 
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r(in(Iitinii<,  i's|)i'ci,t!l\  sn  in  tlu'  oiri-ular,  as  the  direction  .,{ 
lirfs-ure  i-niiK-iilc-  (  i'Ih-o  i, ,  tlir  cmtor  <>i  i\w  liui,  ur.li 
tlu'  law  <if  iIk'  iiaralk'!'  i^ram  ot'  i'mici'-. 

It  is  iiiif'iis.ul'U-  to  plant  pallets  (ui  tin-  taii.L;int>  in  vrr\ 
small  csi'apciiu'iils,  as  tluru  VMHild  imi  ^^•  cnotii^li  rm^u 
for  a  pallet  arhur  oi'  pn.prr  sti\M!-tli,  ^h>v  will  \\\r\  he 
found  planted  dii  tlu-  taii,L;e'it<  in  ti;e  in.  dmni  ~i/e  es.-ape- 
iiient  with  a  li'ii^i;-  i>alli-t  arlmr,  iimi-  hi  sneh  a  >'Ul-  uilii  a 
\ery  wide  t'xith  (see  \'vj,.  .41  as  the  lu-i  1  woiihl  c'.nie  > 
close  to  the  center  A,  that  the  suHditx  ..f  jiallets  and  arh  r 
would  sviiYer.  We  will  Lrive  an  actual  exanijile.  I-".  ^r  a 
medium    sized   escape   wheel    with   a    pniniti\e   diameter   ' .\ 


~.^  mm.,  the  center  (h-tance  .\ll  is  4,3_^  mm.  ])y  u>\u<^ 
3  of  a  liftiiii,-  an,L;le  <in  the  teeth,  the  'listance  from  llv 
heel  of  the  t'loth  to  the  pallet  ceiiK  r  will  he  .4'»;i  mm.; 
In  allowini;-  .1  mm.  hetween  wheel  and  pallet  and  .15  mn!. 
for  stuck  on  the  jiallets  we  :hid  we  will  ha\e  a  pall-.t 
arbor  as  follows:  .4()(ji--(  '—.151  v  2  -—  .4^  _■  nnn.  h 
would  not  he  practicable  to  make  ainihin^-  smaller. 

It  liehooves  us  now  to  s(,-i-  that  while  a  narrow  i>alli-t  is 
advisable  a  very  wi.le  to(,th  is  11^. t:  \et  these  two  are  in- 
sei)arable.  Here  is  another  case  for  a  comi)roniise,  as, 
un(,tiesiionably  tlie  i)a!Iets  ou-ln  io  in.-  planted  on  the  tan- 
.trcnts.     The;*    is  no  ditticulty  ah-nn  i;   in  the   F.ni^lish  lever, 
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ami  we  have  shown  in  our  example  that  a  judiciouslv 
plaiine.I  chil)  tuuth  tscapcnunt  of  iiRdium  size  can  De  made 
with  thf  center  distance  i)r()i)erly  planted. 

\\Iien  considering  the  center  distance  we  must  of  ne- 
cesMty  c.n.M.ler  the  widths  of  teeth  and  pallets  and  their 
I'ttui-  an-les.  \\  e  are  now  at  a  pnint  in  which  no  watch- 
maker of  nitelli^q-ence  would  indicate  one  certain  division 
ior  these  ].arfs  and  chiini  it  to  he  "the  hest."  It  is  always 
those  wlio  ,Io  nut  thoron,t,diIy  understand  a  suhject  who 
are  the  first  to  make  such  claims.  We  will,  however 
^nve  ,nir  opmi.m  within  certain  limits.  The  an-le  to  b'- 
divide,!   f„r  twth  and  pallet  is   lo':.".     Ut  us  divide  it  by 


FiK.    4 


2.  which  would  he  the  most  natural  thin^r  to  do.  and  ex- 
amine the  iTuhlem.  W  ,.  will  have  5'.;^  each  for  width  of 
t""tl,  and  pallet.  We  must  ha\e  a  smaller  liftin-  an-de  on 
the  tooth  than  on  th.  ].allet.  hut  the  wider  the'"  tooSi  the 
.i^reater  should  its  liitinj,^  an.^le  he.  It  would  not  be  nu- 
^■lianical  in  make  the  t.x.tli  wide  and  the  liftino-  an-lc 
<mall.  as  the  lit-tin-  plane  on  the  pallets  would  he  too  stcr;. 
■n  account  <<{  heiiiL^-  narrow,     A 


I'ttmij;-  aii^de  on  the  to, ,tli 
uliK-h  would  ;.e  (M-(;e//y  suitahle  for  a 
le    t,h,>   .i, ;'!'(//    for   a 


ilierelore.   t.ikiii. 


a  .i^ivt'U  circular,  would 
.i^iven    ci|ui(li>tant    pallet.        It    follow. . 


'.\  e    e 


.id: 
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""''>    't   •"   a    lair   si.-ed   eseapeinent    with   eqni- 
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distant  pallets,  wc  could  not  do  so  with  circular  pallets  and 
still  have  the  latter  iMtclicd  on  the  lanRci'ts.  We  see  the 
majority  of  escapements  made  with  narrower  teeth  than 
pallets,  and  for  a  very  jj;o<k1  reason. 

In  the  example  previously  given,  the  3°  lift  on  the 
tooth  is  well  adapted  for  a  width  of  4' j",  which  would 
require  a  pallet  G^  in  width.  The  tooth,  therefore,  would 
be  j-4  the  width  of  pallets,  which  is  very  good  indeed. 

From  what  we  have  said  it  fol'ows  that  a  large  num- 
ber of  iiallets  are  not  planted  on  the  tangents  at  all.  Wc 
have  never  noticed  this  question  in  print  before.  Writers 
generally  seem  to,  in  fact  do,  assume  that  no  matter  how 
large  or  small  the  e>capement  may  be.  or  how  the  pallets 
and  teeth  are  divided  for  width  and  lifting  angle,  no  diffi- 
culty will  be  found  in  locating  the  i)allets  on  the  tangents. 
Theoretically  there  is  no  difficulty,  but  in  practice  we  find 
there  is. 

Equidistant  ts.  Circular.  At  this  stage  we  arc  able  to 
weigh  the  circular  against  the  equidistant  pallet.  In 
beginning  this  essay  wc  had  to  ex])!ain  the  difference  be- 
tween them,  so  the  reader  could  follow  our  discussit)n,  and 
not  until  now.  are  we  af)lc  to  sum  up  our  conclusions. 

The  reader  will  have  noticed  that  for  such  an  imjx^rtant 
action  as  the  lift,  which  supplies  power  to  the  balance,  the 
circular  pallet  is  favored  from  every  point  of  view.  This 
is  a  very  strong  point  in  its  favor.  (  )n  the  other  hand,  the 
unlocking  resistance  being  less,  aiul  as  nearly  alike  a. 
possible  on  both  pallets  in  the  equidistant,  it  is  a  question 
if  the  total  vibration  of  the  balance  will  be  greater  with 
the  one  than  the  other,  although  it  will  receive  the  im- 
pulse under  better  conditions  from  the  circular  !)allet ;  but 
it  expends  more  force  in  unlocking  it.  Kscapement  fric- 
tion plays  an  important  role  in  the  position  and  isochronal 
adjustments;  t!;e  greater  the  lricti(jn  tncountered  the  slower 
uie  v..;.ation  01  tiio  oaiaiKe.  i  iie  Iriction  siiould  i)e  con- 
stant.    In  unlocking,  the  equidistant  comes  nea.er  to   ful- 
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('Hi".:;  tin,  oa„l,t,.,M.  ulnlc  ,h,r,M^  ,!,,  !,M  „  ,.  „i,.ri  nrarU 
^"  '"  "'"  ^■'•^"'•"■.  lii.  i..ri„,n  It,  ,.,;|,H!,,n:;.  I,,,,,  ,.  tiinin- 
M.n„Ii„,„,,  .v.r~I,a,l..u,  t!,.,t  ,-1  lUr  „;ipi,!..,  am!  tli.  t^,.,!, 
^■'"  '"  ■'  ''"'^'  ^^"'>'  '■"  llH'  .■.|>;„l,,,;uu  tlian  ihr  u.rniar 
iM'ai.r,;;cnt  uii!,  i|„,  ,,,l!,-t  pn.pcTly  plaiitol.  Tlurri.  ^ 
I'T  tlu-  nih'st  uatdir,  tlu-  oinHli-taiit  cs,-a|H'n;cnt  i-  >  1 
•"l-'i'"''l.  I'lit  t,,r  aiiMhn..^.  I..,  tlian  lliat  tlic  circular  .^Imul  1 
hv  diir  cliDioc. 

riic  l-ork  ami  R,'Ucr  .Icturn.  Wlulc  tiu-  liiiin-  acti,,,, 
"\  iIk'  l<v.r  cscaiRinciit  .(UTcspMiKK  to  that  of  iIr.  cvlm- 
■ItT.  llic  l..rk  aihl  n.Hcr  actinii  crrcspn,,,!,  to  the  iiniuil^c 
acliMii  in  the  chrononutiT  and  .luplrx  CH-apeniciits. 

(  )ur  cxporicncc  ha^U  us  to  hdicvc  tliat  the  action  iiou- 
uii.lcr  cuMdcratioii  i.  hut  impcrlcnlv  un.lcrstoo.l  hv  niaiiy 
workmen,  it  i,  a  complicated  action,  an<l  when  out  <'f  onh'- 
is  the  cau^e  of  many  annov  in^r  .toppn^^^cs,  often  character- 
ized In   the  watch  startin-  when  tak(  n  fmni  the  pocket. 

Ihe   action    i>    very   imjxirtant   and    is   -eneraliy   divn'    1 
into  impu!>e  and  salety  action,  although  we  think  wc  ou-:,: 
to  divide  it   into  three,  namely,  hv  addin-  ihat  of  the  im- 
I-K-km-  acti(m.      Wc  will   first  of  all  consider  the  impuls, 
;iiid  unlnckin-  acth-iis.  Incatisc  we  cannot  intelli.Ljentlv  cn- 
sider  the   one   wilh<nu   the  other,  a-;   the   ruhv   pin   and    tli,. 
.d-t    m   the    lork    a;e   utilized   in   i.ich.      The'  ruhv   pin.   ..r 
strictly  >i,eakin-,  the  -impuNe  radiu^."  is  a  lever  arm.  whos,. 
leni^th    Is    ni.;isured    Ir  ,:,    th,'   center   <,f    llie   halance    ^talY 
'-  t':e  f:icr  ,.f  tlu'  ru!.\   pin,  and  is  u-ed,  firstlv.  as  a  i)ow^  r 
-r   tran-niilin-   lever  ..n   \]w   actii    :   ,,r  -o.mctrical  Kn-th 
"'_   ''■'■   '"'^    "•   ''••   '''"111   the  p;d!ei   crnter  to  the  hei^^innin:,' 
-I  die  h-ru  I.  and  which  at  the  mmiKnt  i-  a  resistance  leve^ 
t-   !e   ulih/ed    in    unl-K-kin-    the   pallets.      Alter   ihc   palkts 
are  uidMcked  the  onditinns  are  reversed,  and  we  now  find 
''■^-   ^'-\^'   '"'■'^.   thrnn.^h   thr   pallets,   transnnttm-  power   to 
the   halance  hy   means  of   the   iuipid^e   radius.      In  the  first 
liart  ..f  the  actinu  we  have  a  slmrt  lever  en-apinj,'  a  !on,<;er 
tj;:e.    \;:;;cii    is   a,,    a.iv  ,,M[ai;e.      See    i-"i^.    14.    where   we   have 
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piirixi-rly     M.nuwliat     <\;i--vr,it(..|     ■  .u-     c \num~        \    \ 

v^'\<i\-v\)l'  ilii  iiiiiml-,'  i.i>lui,  ;it  pr.M'iit  iiinl.  I  .Iimmi --i  i. 
.111.!  \\\  111,  ;i.tiii-  Kii-tli  ,,f  tlu'  fMrk.  |i  \\i!|  |„  ^ci 
lliat  till-  -li'iTtcr  till'  iiii|iiiNc  r.nliii-,  i.r  in  nilur  wnr.N,  ilic 
tl'iMT  till-  niliy  pill  i>  t..  till'  laliiui'  Matt  ami  tlir  l^n-rt 
llu'  \<>yU,  till'  raMcr  \,111  ]>v  tlu-  luiLnkin-  (,f  tlf  pallits  l)c' 
luri'driiK'fl,  Imt  tlii>  t'litail-  a  ;,Ti:it  iiiiptiNc  an-lr,  i'.  ir  tliv 
law  ai)i)Iiiaiilc  t'l  tlir  (■a>c  i-,  that  tl;i'  aii-lr-  ar,  in  the  ^n- 
\irvc  ratiu  to  tlio  railii.  In  ntluT  unr'U.  t!if  ^hurtir  tlii 
radius  the  .i,'rt.atcr  i-  llic  aii^'Ic.  and  the  smalKr  tlir  aiiLrlc 
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tile  f,-realer  i,  the  ra.jin-.  \\\.  K„.,\v,  tli,,u-h,  that  ue  imiit 
lia\e  as  small  an  iiiipuK.  aii-Ie  as  !HKMi;lc  in  nv:Wr  that  the 
balanee  should  he  hi-hly  detached.  Here  i.  nnc  pmm  m 
t'avwr  ni  a  >h(>rt  iin])ulse  radius,  and  <nie  a-ainst  it.  Xo\v. 
let  us  turn  to  the  iinpul>e  action.  Here  we  have  the  Ion- 
lever  .\\V  actin-  on  a  short  one.  .V  X.  which  is  a  disad- 
vanta.t,H\  Here,  then,  we  ouqht  to  try  and  have  a  short 
lever  actiiij::  on  a  loner  one.  which  would  point  to  .n  short 
fork   and   a   iTeat    iniimlse   radiu-.      Suppose    W.    Fi-.    i.]. 
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IS  the  length  of  fork,  ..nd  AT  is  the  impulse  radius;  here 
then,  we  favor  the  impulse,  and  it  is  directly  in  accordance 
with  the  theory  of  the  free  vibration  of  the  balance,  for, 
as  before  stated,  the  longer  the  radius  the  smaller  the  an- 
gle. The  action  at  P  is  also  closer  to  the  line  of  centers 
than  it  is  at  W,  which  is  another  advantage. 

We  will  notice  that  by  employing  a  large  impulse  an- 
gle, and  consequently  a  short  radius,  the  intersection  vt 
of  the  two  circles  //  and  cc  is  very  sjfc,  whereas,  with 
the  conditions  reversed  in  favor  of  the  impulse  action, 
the  inter.section  at  k  is  more  delicate.  We  have  now  seen 
cnougii  to  appreciate  the  fact  that  we  favor  one  action  at 
the  expense  of  another. 

By  having  a  lifting  angle  on  pallet  and  tooth  of  8>^% 
a  locking  angle  of  V/,",  and  a  run  of  yj°,  we  will  have 
an  angular  movement  of  the  fork  of  8>^  +  i>^-(-^=io>^°. 
Writers  generally  only  consider  the  movement  of  the 
fork  from  drop  to  drop  on  the  pallets,  but  we  will  be  thor- 
oughly practical  in  the  matter.     With  a  total  motion  of  the 
fork  of  io;,°   (J\W,  Fig.  15),  one-half,  or  5^4°  will  be 
performed  on  each  side  of  the  line  of  centers.       Wc  are  at 
liberty  to  choose  any  impulse  angle  which  we  may  prefer; 
3  to  I  is  a  good  proportion  for  an   ,.  .liniry  well-made  watch.' 
I5y  employing  it.  the  angle  X.\'Y  would  be  equal  to  31  >r. 
The  radius  A'X  Fig.  16,  is  also  of  the  same  proportion,  but 
the  angle  .\A'X  is  greater  because  the  fork  angle  W.A.\' 
is  greater  than  tiie  same  angle  in  l-'ig.  15.     We  will  notice 
that  the  intersection  k  is  much  smaller  in  Fig.   15  than  in 
Fig.  16.     Tlic  action  in  the  latter  begins  much  further  from 
the   line    of  centers    than    in   the    former   and   outlines   an 
action  which  should  not  be  made. 

To  conie  back  to  the  impulse  angle,  some  might  use 
a  proportion  of  3,5,  4  or  even  5  to  i,  while  others  for  tiic 
finest  of  watches  would  only  use  2.75  to  i.     Ry  having  a 

total  vibration  of  thi^  hal.anr..  nf   i  i/.  fur?-"";    wh^-'i  :- ; 

to  540-   a   fork  angle  of   w°  and  a  proportion  of  2.75  for 
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the  impulse  an^Ie  which  w-..;  i  ;,,_.  equal  to  10X2.75  = 
27.5°.  The  f)cc  vibrati  '!.  ui  Uu>  iain.ice,  or  as  tliis  is 
called,  "the  supiilemental  ic."  1-  eriiial  to  540^ — 27.5°  = 
512.50°,  while  with  a  p  nortidi;  nf  5  to  i,  making  an 
impulse  ancjle  of  50^  it  would  he  cifaal  to  49o^  To  sum 
up,  the  finer  the  watch  the  lower  tlu'  proportion,  the  closer 
the  action  to  the  line  of  centers,  the  smaller  the  friction. 
(Jn  account  of  leverai^e  the  more  difficult  the  unlocking; 
but  the  more  energetic  the  impulse  when  it  does  occur.  The 
velocity  of  the  ruiw  pin  at  P;  Fig.  14,  is  nuich  greater 
than  at  W,  conseijucntly  it  will  i;ot  be  overtaken  as  soon 
by  the  fork  as  at  W.  Tlie  velocity  of  the  fork  at  the  latter 
point  is  greater  than  at  I' ;  the  intersection  of  11  and  cc  is  also 
not  as  great;  therefore  the  lower  the  proportion  the  finer 
and   more  exact   must  the  workmanship  be. 

We  will  notice  that  the  unlocking  action  has  been  over- 
ruled by  the  impulse.  The  only  point  so  far  in  which 
the  former  has  been  favored  is  in  the  diminished  action 
before  the  line  of  centers,  as  previously  pointed  out  at  P, 
Fig.  14. 

We  will  now  consider  the  width  of  the  ruby  pin  and 
to  get  a  good  insight  into  the  question,  we  will  study 
I'lg.  17.  .\  is  the  pallet  center,  .\'  the  balance  center, 
the  line  AA'  being  the  line  of  centers:  the  angle  W.'\A 
equals  half  the  total  motion  of  the  fork,  the  other  half, 
of  course,  taking  place  on  the  opjiositc  siile  of  the  center 
hue.  \\  .\  is  the  center  of  the  fork  when  it  rests  against 
the  bank.  The  angle  .\.\'X  represents  half  the  impulse 
angle;  the  other  half,  the  -ame  .is  with  the  fork,  is  strucV 
on  the  other  -ide  of  the  center  line.  .\t  the  point  of  in- 
tersection of  these  angles  we  will  draw  cc  from  the  pallet 
ceiuer  .\,  which  equals  the  acting  length  of  the  fork,  and 
from  the  balance  center  we  will  draw  ;7.  which  equals 
the  thcurctical  impulse  ratlins  ;  some  writers  use  it  as  the 
;i';;;  r.i:;;ii>.  riic  widcr  tho  TUiiv  pill  the  gicatcr  wdi  the 
latter  be.  which  we  will  explain  proentlv. 
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The  ruby  pi„  i„  cntcrin-  the  fork  must  Iiavc  a  certain 
amount  uf  treedom  for  action,  from   i   to   i'4°.      Should 
the  watch   receive  a  jar  at   the   moment  tlic  guard  point 
enters   the   crescent   or  passing   hollow    in   tiie   roller    the 
tork  would  fly  against  the  ruby  pin.    It  is  important  that  the 
angular    free.lom    between    the    fork   and    rul.v   pin    at   the 
moment  it  enters  into  the  slot  be  less  than  the  total  lock- 
ing angle  on  the  pallets.     If  wc  employ  a  locking  angle 
of  .;r  and  K'°   run.  we  would  iiave  a  total  lo.:k  on  t1,e 
pallets  ot  2=.     Dy  allowing  i',^  of  freedom  for  the  rubv 
pm   at   the   moment   the   guard   point   enters   the   crescent 
in  case  the   fork  should  strike  the   face  of  the  n-bv  pin' 
the  pallets  will  still  be  locked  H'  an.l  the  fork  drawn  back 
agamst  the  bankmgs  through  the  draft  angle. 

We   will  see   what  this  shake  amounts"  to  for  a  given 
actmg  length  of  fork,  which  describes  an  arc  of  a  circle 
therefore  the  acting  length  is  only  the  radius  of  that  circle 
and  must  be  multiplied  by  two  in  order  .o  get  the  diam.  ter 
The  actmg  length  of  fork=4.5  mm.,  what  is  the  amoum 
of  shake    when    the    ruby    pin    passes   the   acting   corner? 
4.5X2X3.i4i6-:-36o^==.0785Xi.--.5=.0992mm.    The  shake 
of  the  ruby  pin  in  the  slot  of  the  fork  must  be  as  slight 
as  possible,  consistent  with  perfect  freedom  of  action     It 
vanes  from  J4-   to  y,°,  according  to  length  of  fork  and 
shape  of  ruby  pin.      A  square  ruby  pin  requires  more  shake 
than  any  other  kind;  it  enters  the  fork  and  receives  the  im- 
pulse in  a  diagonal  direction  on  the  jewel,  in  which  posi- 
tion   It   IS   illustrated   at   Z.    Fig.   20.      This   rubv   pin   acts 
on    a    knitc    ,,]gc,    but    for   all    that   the   engaging    friction 
riurmg  the  unlocking  action  is  considerable. 

_  Our  reasoning  tells  us  it  matters  nr.t  if  a  rubv  pin  be 
wide  or  narrou-,  it  must  have  the  same  freedom  in  passin- 
the  actmg  edge  ol  the  fork,  therefore,  to  have  the  impulse 
radius  on  the  point  of  intersection  of  A'X  with  AW.  Fig. 
17.  we  would  re(iuire  a  trry  narrow  rubv  pin  With  T" 
Of  ircedom  at  the  edge,  and  yr  in  the  slot,  we  could  only 
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have  a  ruby  pin  of  a  width  of  I,'/^^  Applying  it  to  the 
precc(Hng  (.■.xaniplc  it  wouUl  only  have  an  actual  width 
of  .0785Xi-5=i  17S  mm.,  or  tlie  size  of  an  ordinary  bal- 
ance pivot.  At  n,  Fig.  17,  we  illu.stratc  such  a  ruby  pin; 
the  theoretical  and  real  impul>c  radius  coincide  witli  one 
another.  Tiie  intersection  of  the  circle  ii  and  cc  is  very 
slight,  while  the  friction  in  unlocking  begins  within  i"  of 
half  the  total  ninvenient  of  the  fork  from  the  line  of 
centers;  to  illustrate,  if  the  angular  motion  is  11°  the  ruby 


-  t 


Fig.   IT. 


KiB.    IS. 


Fig.   I'l 


Fig.   i'l. 


pin  under  discussion  will  begin  action  4'j"  before  the  line 
of  centers,  being  an  engaging,  or  '■uphill"  friction  of  con- 
siderable magnitude. 

The  intersection  with  the  fork  is  also  much  less  than 
with  the  wider  ruby  pin,  making  the  imimlse  action  very 
delicate.  On  the  other  hand  the  widest  ruby  pin  for  which 
there  is  any  occasion  is  one  beginning  the  unlocking  action 
on  the  line  of  center-.  Fig.  17;  thi,>  entails  a  width  of  si  .t 
equal  to  the  angular  motion  oi  the  fork.  We  see  here  the 
ailvantage  of  a  wide  ruliy  pin  over  a  narrow  one  in  the 
uniuekiiii.^  action.  Let  us  now  exaiiniie  the  til;e^t;0!l  jf^;:; 
till'  stand])oint  of  the  impulse  actitMi. 


^ 


32 


Tin;    i.r;\i:t<    i;S(  .\I'i:\ii;m 


i■lK^  l8  illnstratcs  the  mon,om  the  impulse  is  transmit- 
ted ;  the  fork  has  been  nmved  in  tiie  (hrect.on  of  the  arrow 
by  tlie  ruin  pm  ;  tlie  escapement  has  heen  unlocked  and  th  > 
^'I-IK.s.le  side  of  the  slot  has  just  struck  the  rubv  pin  The 
exact  portion  m  wliich  the  impulse  is  transmi'tted  varies 
with  the  lockm-  an-le.  the  wi.lth  of  rubv  pin.  its  shake 
"1  the  slot,  the  len-th  oi  fork,  its  weight,  and  the  vehKitv 
'►'  the  ruby  pm.  which  is  determined  by  the  vibrations 
el   the  I)alance  and  the  imimlsc  radius. 

In  an  e^cajiement  with  a  total  lock  of  il^°  and  V4  of 
snake  m  the  slot,  theoretically,  the  impulse  would  be  trans- 
■"■tied   2°    from    the    bankings.     The   narrow   rubv   pin    n 
receives  the   impulse  on  the  line  r,  which  is  close'r  to  th.^ 
hue  ol  centers  than  the  line  „,  on  which  the  large  ruby  pin 
receives  the  im])ulse.     Here  then  we  have  an  advantage  of 
tlie  narrow  ruby  pi„  over  a  wide  one  ;  with  a  wider*  ruby 
pm  the  balance  is  also  more  liable  to  rebank  when  it  takes 
a   long  vibration.      Also  on   account   of   the  greater  an-le 
at  which  the  ruby  ,,in  stands  to  t!ie  slot  when  the  impulse 
take^   place,   the   drop   of   the   fork   against   the   jewel    will 
amount  to  more  than  its  shake  in  the  slot  (which  is  meas- 
••ired  when   standing  o„  the  line  of  centers).     On  this  ac- 
count  .v,mu    watches   have   slots  dovetailed   in   form    bein- 
uider  at   the  bottom,  others  have  rubv  pins  of  this   forn'r 
Ihev    re(,uire    veiy   exact   execution;   we   think    we   can   do 
NMthnui  them  by  judiciously  selecting  a  width  of  ruby  pin 
I'etween  the  two  extremes.     We  would  choose  a  rubv  pin 
•"   a  uuUh  ecjual  to  half  the  angular  motion  of  the 'fork 
1  here  Is  an  ingenious  arrangement  of  fork  and  roller  which 
anns  v,.  and  partially  does,  overcome  the  difficultv  of  chooc 
'"■■^  between  a  wide  and  narrow  rubv  pin.  it  is  known  as  the 
^av;.ge   pm   roller   escai)ement.      We   intend   to  describe  it 
later. 

'f  the  face  of  the  ruby  pin  were  planted  on  the  theore:- 
;^-'l  nnpulse  radius  //,  Kig.  u,,  the  impulse  wouM  end  in  a 
--nr,.;  .ul,n„  ;,s  siinwu  ;  heiice  the  great  importance  of  dis- 
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tiii,i;iii.sliiiiu;'  I>i-l\vi'(.'ii  the  llicniclical  and  real  iiiii)ulsi.'  radiu- 
and  (.■>lal)li-liiii_:4  a  rcliaMi-  data  I'mm  wliicli  to  udrk.  \\c 
trcl  that  tlu'si'  aclii'ii^  have  never  heen  pro])erl\-  and  th^r- 
dui^hly  treated  in  simide  lani;ua,i^e  ;  we  liave  tried  to  niak.' 
them  plain  so  lliat  anyone  can  eonij)rehend  them  with  a 
little  study. 

Three  gooil  forms  of  ruby  |)ins  are  the  triangular,  th',' 
oval  and  the  ll.it  faced;  for  ordinary  work  the  latter  is  as 
Lj'Mid  as  any,  l)Ut  for  tine  work  the  triani:;ular  pin  with  the 
Corners  slij;htly  ronnded  off  is  prcfcrahli'. 


Fig.     21, 


© 


KiK. 


Kii,'. 


EnLrlish  watches  are  met  with  havinij^  a  cylindrical  ot 
round  nil)y  pin.  ."-^uch  a  ])in  slKnild  never  he  put  into  a 
watch,  'idle  law  of  the  parallelogram  of  forces  is  eanpletelv 
ii:^nored  by  ii>in.q-  such  a  \nn  ;  the  friction  durins;-  the  un- 
kjckins;  and  impulse  actions  is  too  severe,  as  it  is.  without 
the  addition  of  so  unmechanical  an  arranLrenient.  I-'ij.;.  21 
illustrates  the  actic^n  of  a  round  ruby  i)in  :  ii  is  the  path 
of  the  ruby  pin  :  cc  that  of  the  actiiii;-  lcn,i,nh  of  the  fork. 
It  is  shown  at  the  nK>ment  the  impulse  is  transmitted.  It 
will  be  seen  that  the  impact  take.s  place  hclw;^'  the  center    if 

the  motion  of  the  fork  i>  up:,\iiils  and  that  of  the  ruby 
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pin  doicmvards  until  the  line  of  the  centers  has  been  reached. 
The  same  rule  applies  to  the  flat- faced  pin  and  it  is  impor- 
tant that  the  right  quantity  be  ground  off.  We  find  that 
2,/7  is  approximately  the  amount  which  should  be  ground 
away.  Fig.  22  illustrates  the  fork  standing  against  the 
bank.  The  ruby  pin  touches  the  side  of  the  slot  but  has 
not  as  yet  begun  to  act ;  ri  is  the  real  impulse  circle  for 
which  we  allow  ij4°  of  freedom  at  the  acting  edge  of 
the  fork  ;  the  face  of  the  ruby  pin  is  therefore  on  this  line. 
The  next  thing  to  do  is  to  find  the  center  of  the  pin.    From 


the  side  n  of  the  slot  we  construct  the  right  angle  0  n  i;  from 
»,  we  transmit  /^  the  width  of  the  pin,  and  plant  the  center 
.1-  on  the  line  n  t.  We  can  have  the  center  of  the  pin  slightly 
below  this  line,  but  in  no  case  above  it;  but  if  we  put  it 
Ix'low,  the  pin  will  be  thinner  and  therefore  more  easily 
broken. 

The  Safety  Action.  Although  this  action  is  separate 
from  the  impulse  and  unlocking  actions,  it  is  still  very 
closely  connected  with  them,  much  more  so  in  the  single 
than  in  the  double  roller  escapement.     If  we  were  to  place 
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the  ruby  pin  at  X,  Fig.  14,  we  coii'.d  have  a  much  smaller 
roller  than  by  placing  it  at  P.  With  the  small  roller  the 
safety  action  is  more  secure,  as  the  intersection  at  m  is 
greater  than  at  k.  ^t  is  not  as  liaiile  to  "butt"  and  the  fric- 
tion is  less  when  the  guard  point  is  thrown  against  the 
small  roller.  Suppose  we  take  two  rollers,  one  with  a  diam- 
eter of  2.5  mm.,  the  other  just  twice  this  amount,  of  5 
mm.  By  having  the  guard  radius  and  pressure  the  same  in 
each  case,  if  the  guard  point  touched  the  larger  roller  it 
would  not  only  have  twice,  but  four  times  more  effect 
than  on  the  smaller  one.  We  will  notice  that  the  smaller 
the  impulse  angle  the  larger  the  roller,  because  the  ruby 
pin  is  necessarily  placed  farther  from  the  center.  The  po- 
sition of  the  ruby  pin  should,  therefore,  govern  the  size  of 
tlic  roller,  which  should  be  as  small  as  possible.  There 
should  only  be  enough  metal  left  between  the  circumference 
of  the  roller  and  the  face  of  the  jewel  to  allow  for  a  cres- 
cent or  passing  hollow  of  sufficient  depth  and  an  efficient  set- 
ting for  the  jewel.  For  this  reason,  as  well  as  securing  the 
correct  impulse  radius  and  therefore  angle,  when  replacin:*- 
the  ruby  pin,  and  having  it  set  securely  and  mechanically 
in  the  roller,  it  is  necessary  that  the  pin  and  the  hole  iu 
the  roller  be  of  the  same  form  and  a  gw^^  lit.  Fig.  23 
illustrates  the  difference  in  size  of  rollers.  In  the  smaller 
one  the  conditions  imposed  are  satisfied,  while  in  the  larger 
one  they  are  not.  In  the  single  roller  the  safety  action  is 
at  the  mercy  of  the  impulse  and  pallet  angles.  We  have 
noticed  that  in  order  to  favor  the  impulse  wc  require  a 
large  roller,  and  for  the  safety  action  a  small  one,  therefore 
escapements  made  on  fine  principles  are  supplied  with  two 
rollers,  one  for  each  action. 

It  may  Ix'  well  to  say  that  in  our  opinion  a  proportion 
between  the  fork  and  impulse  angles  in  10°  pallets  of  3 
or  3>j  to  I,  depending  upon  the  size  of  the  escapement, 
is  the  lowest  which  should  be  made  in  single  roller.  We 
have  seen  them  in  proportions  of  2  to  i   in  single  roller — 
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a  soii'iitific   principle   focilislily  applied— rcsultini;  in  an  ac- 
tion culirtlv    unsaiisl'aiti)r\ . 

\\  hen  tlic  ^^uard  puim  is  pressed  a-ainst  the  rulkr  the 
V scape  tnoth  niust  slill  ri.>t  on  the  locking  face  of  the  pal- 
let; if  the  total  lock  is  J°.  l>y  alluwinj,^  i'4^  freedom  for 
the  L;uard  point  hetween  the  hank  and  the  roller  the  es- 
capement will  still  he  locked  ;' 4^-  How  much  this  shako 
actually  amounts  to  depends  upon  the  g-uard  radius.  Sup- 
jKis^.  thi^  to  he  4  nun.,  then  th^-  freedom  would  equal 
4  X  -'  '■:  3.141''  :   3^»c)  V  1.^5  =  .0873  nun. 


The  Lrcsi.-itt  in  the  T'lller  mu>t  he  large  and  dceo 
enough  s..  it  will  he  impossilik.  for  the  guard  ])oint  to 
touch  in  or  on  the  corners  of  it;  it  the  same  time  it  niu-i 
not  he  to,>  large,  as  it  would  nec^'-sitate  a  longer  horn  n 
the  fork  than  i>  neces>;iry. 

I'ig  J4  sho\\>  the  >\n\  It  ,,f  tlie  fork  standing  at  the  hank. 
'Ihe  ruli_\  pui  .'  ti'uclie-  it.  hr.t  h;i>  not  as  vet  acted  on  it; 
J  J-  illustrates  a  single  toIKt.  while  S_'  illustrates  tlie  .-aicf.' 
roller  inr  a  douhle  roller  e-capeniuu.  In  order  to  find  t'.ie 
<]imensi.>ns  of  the  crescent  in  the  >ii!g!e  roller  we  m;;-t 
proceed,  as  follows;  W  \  i>  in  the  ceiuer  i^\  the  fw-k  \\hc,i 
it  rests  against  the  hank,  and  is.  therefore,  one  •n  t'-.e  >iilt  s 

<M      -.iiv      :--!:v     .tli^iv,     .:::•,;     ;.-.     •.;r.i\-.!:     tr;:;;;     t ; :  ;     pa.ic;     ■o.TliCr; 

\'   A    W   i^   an   angle   of    I'.;',   which   equals   the   freedom 
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lutwi'cti  tlic  t,niai\l  point  and  the  roller;  _;•;,'  rciire^cnt-  tin- 
path  of  tlic  ^aianl  pin  u  for  the  single  roller,  and  is  drawn  .it 
the  intersection  of  \'A  with  the  roller  A'  .\i.  is  a  line  drawn 
from  the  haiance  center  throuy:h  that  of  the  ruin  pin,  and 
therefore  also  passes  thronijh  the  center  of  the  crescent, 
r.y  i)lanting  a  conijjass  on  this  line,  where  it  cuts  the  peri- 
phery of  the  roller,  and  locatinq-  the  point  of  intersection  (;f 
\'A  with  the  roller,  will  ^ive  us  one-half  the  crescent,  the 
remainin.e:  li^'lf  l>cini,'  transferred  to  the  opposite  side  of 
the  line  A'  .\z.  We  will  notice  that  the  i^uard  p(.int  lias 
entered  the  crescent  i'  /  l^cforc  the  fork  Ijej^dns  to  move. 

The  anc^le  of  openins;  for  the  crescent  in  the  double  roller 
escapement  is  j^reater  than  in  the  --in.^le.  liecause  it  is  jilaccl 
closer  to  the  haiance  center,  and  tile  tjuard  jxiiiu  or  dart 
further  from  the  jiallet  center,  causing  a  jj;reater  intersec- 
tion ;  also  the  vel(X-ity  of  the  quard  jioint  has  increase d,, 
while  tliat  of  the  safety  roller  has  decreased.  V'v^.  24.  at  ii . 
show.s  the  path  of  the  dart  /;.  which  also  has  i'4-  freedom 
between  bank  and  roller.  I'rom  the  balance  center  we  draw 
.\'</  touchint;;-  the  center  (jr  point  of  the  clart ;  from  this 
l»oint  we  construct  at  5^  antjle  h  \'  d.  Tlii>  is  to  cn-ure 
sut'ticiont  freedom  for  'he  dart  when  entering;  the  crescent. 
We  i)lant  a  compass  on  the  point  of  intersection  of  .\'  \i 
with  the  safety  roller,  S2,  and  locatin.c:  the  jxiint  where  X'h 
intersects  it,  have  found  one-half  the  o]>niin,!:,^  for  the 
crescent,  the  remaining-  half  beiuL:  constructed  on  the  op- 
l)osite  side  of  the  line  .A'  \j. 

The  Horn  on  the  fork  belon^^'^  to  the  safety  action: 
m<ire  horn  is  recjuired  with  the  double  than  with  the 
.siiicle  roller,  on  account  of  the  greater  an,t,de  of  o])enin:^^ 
for  tile  crescent. 

Tiu-  horn  should  be  of  such  a  length  that  when  the 
crescent  has  p.- ^sed  the  ^\\:iX(\  ])omt.  the  end  of  the  Ikmu 
should  point  to  at  least  the  center  of  the  riib\   pin. 

1  he  dotted  circle,  .f  f,  bin;-.  2},,  represenls  a  sinj,de  roller. 
It  will  be  noticed  that  the  corner  of  the  crescent  has  pas.scd 
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the  guard  pin  u  by  a  considerable  angle,  and  although  this 
is  so,  in  case  of  an  accident  the  acting  edge  of  the  fork 
would  come  in  contact  with  the  ruby  pin;  this  proves  that 
a   well   made  single   roller  escapement   reall-    requires  hut 
little  horn,  only  enough  to  ensure  the  safe  entry  of  the  ruby 
pin  in  case  the  guaril  point  at  that  moment  be  thrown  against 
the  roller.     We  will  now  examine  the  question   from  the 
standjKyint  of  the  double  roller;  Sz,  Fig.  25,  is  the  safety 
roller;  the  corner  of  the  crescent  has  safely  passed  the  dart 
h  ;  the  centers  of  the  ruby  pin  0  and  of  the  crescent  being 
on  the  line  A'  A2,  we  plant  the  compass  on  the  pallet  cen- 
ter and  the  center  of  the  face  of  the  ruby  pin  and  draw  k  k, 
which  will  be  the  path  described  by  the  horn.    The  end  of 
the  horn  is  therefore  planted  upon  it  from  i>^°  to  l^:J° 
from  the  ruby  pin ;  this  freedom  at  the  end  of  the  horn  is 
therefore   from    '4°   to   1^°   more   than   we  allow   for   the 
guard  point ;  it  depends  upon  the  size  of  the  escapement  and 
locking  angles  which   we   would  choose.     It  must  in  any 
case  be  less  than  the  lock  on  the  pallets,  so  that  the  fork 
will  be  drawn  back  aga-nst  the  bank  in  case  the  horn  be 
tiirown  against  the  ruby  pin. 

When  treating  on  the  width  of  the  ruby  pin,  we  men- 
tioned the  Savage  pin  roller  escapement,  which  we  illus- 
trate in  Figs.  z(>  and  2j.  This  ingenious  arrangement  was 
designed  with  the  view  of  combining  the  advantages  of  both 
wide  and  narrow  pins  and  at  the  -ame  time  without  any  of 
their  disadvantages. 

In  Fig.  26  we  shov  the  unlocking  pins  n  beginning 
their  action  on  the  line  of  centers— the  best  possible  point 
— in  unlocking  the  escapement.  These  i)ins  were  made  cf 
gold  in  all  wiiicli  we  e.xainiiu'd,  aitlunigh  it  is  reconietl  that 
wide  ruliy  pins  and  ruliy  rc)!Ier>  have  been  used  in  this  es- 
capement,  which   would  be  prefeiable. 

riK'  functions  of  the  two  pins  in  the  roller  are  simplv 
t(-  unl.ick  till-  c>capcirn.-nt .  tiie  iin])uise  is  not  transmittetl 
to   tlKiii   as    is   the    case    in    the   ordinarv    fork   and    roller 


TIIK     LKVKR     E.SrAPKMENT. 


39 


action.  In  this  action  the  guard  pin  i  also  acts  as  the  im- 
pulse pin.  We  will  notice  that  the  passing  hollow  in  this 
roller  is  a  rectangular  slot  the  same  as  in  the  onlinary 
fork.  When  the  escapement  is  being  unlocked  the  guard 
pin  i  enters  the  hollow  and  when  the  escape  tooth  comes 
into  contact  with  the  lifting  plane  of  the  pallet  the  pin  /, 
Fig.  27,  transmits  the  impulse  to  the  roller. 

The  impulse  is  transmitted  closer  to  the  line  of  centers 
than  could  be  done  with  any  ruby  pin.     If  the  pin  t  were 


Fig.   26. 


Fig.    2S. 


wider  the  impulse  would  be  transn'itted  still  closer  to  the 
line  of  centers,  but  the  intersection  of  it  with  the  ro'Icr 
would  be  less.  It  is  very  delicate  as  it  is,  therefore  from 
a  practical  standpoint  it  ought  to  be  made  thin  but  con- 
sistent with  solidity.  If  the  pin  is  anyway  large,  it  should 
be  flattened  on  the  sides,  otherwise  the  friction  would  be 
similar  to  that  of  the  round  ruby  pin.  It  would  also  be 
preferable  (on  account  of  the  pin  t  being  very  easily  bent) 
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to  iii.ikt'  i\\v  iiii|iulM'  |iurc  n.irrou   l.nt  ol  Muli  a  k-ii,i;!li  tl.at 
It  .-.  ul.l  la'  sinui-,1  tc  tlk-  loik.  tlio    ainc  a>  the  dart  in  tli  • 
.I-uil.lr  r.>lUr.     1  Ik-  iiiii.til>c  railiu,  is  also  llic  radiiLs  nf  tli>' 
roller,  lirraiiso  tin.'  impulse  i.s  iraiismittod  lo  tin-  roller  itself; 
liir  tiiis   rias.iii  tm-  lattir  i>  smaller  in  tliis  aetion  than  in 
the   ordinary   one   Iiavin-;   the    same   aii-Ies ;   aKo  a   short,  r 
lever  is  in  eoutaet   u  itli  a  loii-er  one  in  the  nnlnekiuL;  than 
Ml  ordinary  aetion  of  the  same  an;,des ;  Imt   for  all  this  the 
I'in^   ;/   //   sIi.imM  he  piteheil  elose  to  the  ed,:;e  of  the  roller, 
as  the  ani^ular  eonneetion  of  tlu'  h::Ianee  with   the  esoane- 
nient  Would  he  inereasrd  durin;;  the  unlockinj;  aetion.    This 
eseapement   keiu.;   very  delicate  re(|iures  a   IJ"  jiallet  anL;Ie 
an.l  a  pr-  p.  Ttion  lutwe.ti  imimlse  ai;d  pallet  ani^les  of  n^t 
K's-  than  j,  U>  i,  which  would  mean  an  impulse  ani,de  of  ^'V  ; 
thi-.    toj^tthcr    with    the    fust    rate    workmanship    re(inired 
are  two  oi  the  reasons  wli\  this  action  is  not  often  met  witii. 
(  ii'or-e    Savage,    of    London,    I'.n-land.     invented     this 
action.      He   was  a    watchmaker   who,   in   the  earh    jiart  of 
this  centur\-.  did  much   to  perfect   the  lever  escapement   l)y 
},^m,hI  work  auil  nice  proportion,  hesidcs  inventing,'  the  two 
I'in   \aricty.      i  le  spoilt   tlu-  early   n.irt  of  his  life  in  C'lerk- 
eiiwell,    1  ut    in    his    did    days    emiirrated    to    Canada,    and 
lounded    a    tlourishini,'-    retad    husiness    in    .Montreal,    where 
l:e  died,      .'-^oinf   of   ( ieor:;e   Sava^^e"s   descendants  are   still 
eii^'aiL^cd  at  the  trade  in  (anada  at  the  present  ilay. 

I  he  crrect  dielineatiou  of  the  lever  escaiK'ment  is  a 
very  important  matter.  We  illustrate  one  which  is  so  de- 
Ime.ited  that  ii  cm  he  pr.iciically  produced.  We  have  not 
11'  ticed  a  dratt  of  the  Ie\er  eseajiement,  cspecialh  with  equi- 
distant pallets  ;ind  clnl)  teeth,  wliich  would  act  correctlv 
111  a  w  alcli. 

\\  c  have  hceii  aquressive  in  our  work  and  have  sonic- 
limcs  found  theories  propMunded  and  elonj^'ated  which  of 
themselves    Were    not    ris^dit ;    this    may    have   somcthinc;-   to 

,1.-.     ,.1*1.      1*       «!.,.*     ,  *'* 1.   ,„„     ...   .  _t ,_  — 1 

••■•    ■•;•-.■:     I-..    i;:.ii     -.-.v    .-■■•    •.•:iv!i    ;;var    v.  i^-r;,; ;  ;el!    M'V  ,        1  I'eC/ry 

is   no  u-e.   hecause   if    \ou   work   according  to  it   \our  n'a- 


Till;     1,1  \  IK     ISiAriMINT. 


41 


cliiiic  will  imt  run."  W'c  say.  "Xo,  sir,  if  your  theory 
i>  iioi  rij;lii  in  itself,  tlicii  y(.ur  work  will  ccrtaiiiK  not 
III'  correct;  hut  if  your  theory  he  c.  rrect  then  your  work 
iiniU  lie  correct.  Why  ?  it  simply  cannot  lie  otherwiM,"  We 
will  ^ive  it  another  name;  let  u^  siy.  apply  sen>e.  reason, 
thou.L^ht,  experience  and  study  to  your  work,  and  what  have 
you  done?    \'ou  have  simply  api)lied  theorv. 

.\  theorem  is  a  proposition  to  he  proved,  not  \k\u^ 
ahle  ti»  prove  it,  we  mu>t  simiils  chaiii^e  it  accordinj;  as 
our  e.xperience  dictates,  this  is  precisely  what  we  have 
done  witii  the  escapiiiieiit  after  having;  followed  the  de- 
ductions of  reco^niized  authorities  with  the  result  that  we 
can  now  illustrate  an  escapement  which  ha.s  been  thoroughly 
sul)jected  to  an  impartial  analysis  in  everv  respect,  and 
which  is  theoretically  anil  practically  correct. 

\\  c  will  not  only  j^^ive  instructions  for  drafting  the 
esca|iemeiU  now  under  consideration,  hut  will  also  make 
explanations  how  to  draft  it  in  different  i)Ositions,  also  in 
circular  pallet  and  single  roller.  We  are  convinced  that 
by  so  di>iiig  we  will  do  a  -ervice  to  many,  we  also  wish 
to  avoid  what  we  may  call  "the  stereotyped"  process,  that 
is,  one  which  may  he  ac([uired  by  heart,  but  introduce  any 
changes  and  perjikxity  is  the  result.  It  is  really  iKjt  a 
difficult  matter  lo  draft  escapements  in  different  jiositions, 
as  an  exam]ile  will  show. 

llefore  making  a  tlralt  we  must  i-iiow  exactly  what  we 
wish  to  produce.  It  is  well  in  drafting  escai)emenls  to 
11  ike  them  as  large  as  jiossihle.  say  thirty  to  forlv  times 
larger  than  in  the  watch,  in  the  jirescnt  case  the  size  is  im- 
material, hut  we  must  have  specitic.itions  for  the  i)roiK)rtions 
<if  the  angles.  Our  draft  is  to  hi  the  mo>t  difficult  sub- 
ject in  lever  escaj)ements ;  it  i>  »,,  l,e  r<.presente<l  just  ,is 
if   it  were   working  in   a   watch;   it   is  to  represent   a   l;o  m| 

and  reliable  action  in  ever\    respect,  one  which  can  be  aii- 

.,i..,.i  ......I .  1    I-,-.-      ..  ... 

'     "■'    ■•* "'  ■i'-^--"  >i....^Liin    I..  ,1  j^iMiii  waicii,  and  is  to  lie 

"up  to   date"    in   every   ]).-irtirnlar   and    to   contain   the   ina- 
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jority  of  the   best  i)oints  and  conclusions   reached   in  our 
analysis. 

Specifications  for  Lever  Escapement:  Tlie  pallets  are 
to  be  equidistant;  the  wheel  teeth  of  the  "club"'  :orni ; 
there  arc  to  i)c  two  rollers ;  wheel,  pallet,  and  balance  cen- 
ters are  to  be  in  straight  line.  The  lock  is  to  be  13/".  the 
run  J4°,  making  a  total  lock  of  i.'^°;  the  movement  of 
pallets  from  drop  to  drop  is  to  be  10".  while  the  fork  is 
to  move  through  loj^""  from  bank  to  bank;  the  lift  y,n  the 
wheel  t'^eth  is  to  be  3",  while  the  remainder  is  to  be  the  lift 
on  the  pallets  as  follows:  lo^  — ( iM+3)=5>^°  for  lift  of 
pallets. 

The  wheel  is  to  have  15  teeth,  with  pallets  spanning  3 
teeth  or  2><  spaces,  making  the  angle  from  lock  to  lock 
=36cK-i5X2><=6o'',  the  interval  from  tooth  to  tooth  is 
36cK-i5=24^;  divided  by  2  pallets=24-f-2=i2''  for  width 
of  tooth,  pallet  and  drop  ;  drop  is  to  be  1]/,° ,  the  tooth  is  to  be 
Va  the  width  of  the  pallet,  making  a  tooth  of  a  width  of 
4j^°  and  a  pallet  of  6°. 

The  draw  is  to  be  12°  on  each  pallet,  while  the  lock- 
ing faces  of  the  teeth  are  to  incline  24'.  The  acting  length 
of  fork  is  to  be  equal  to  the  distance  of  centers  of  scape 
V,  heel  and  pallets ;  the  impuLse  angle  is  to  be  28"  ;  freedom 
from  dart  and  safety,  roller  is  to  be  1^4°,  and  for  dart  and 
comer  of  crescent  5"" ;  freedom  for  ruby  pin  and  acting  edge 
of  fork  is  to  lie  1^4^;  width  of  slot  is  to  be  ^A  the  total 
motion,  or  lo' 4-^-2=5' s'' ;  shake  of  ruby  pin  in  slot=;4", 
leaving  5I  :^_  ^,=4-;^-^  for  width  of  ruby  pin. 

Radius  of  safety  roller  to  be  4/7  of  the  theoretical  im- 
pulse radius.  The  length  of  horn  is  to  be  such  that  the 
end  would  point  ,it  lca>t  to  the  center  of  the  ruby  i)in 
when  the  edge  of  tlie  cresciiit  passes  the  dart;  space  be- 
tween the  ind  of  horn  and  ruli\   p'n  is  to  be  I/J^ 

It  is  well  to  know  that  the  angles  for  width  of  teclh, 
Iiallcts  and  droj)  are  ine.isurrd  from  the  wheel  center,  wl-ilt- 
tlir   lifting  and   locking   angKs   are    -truck    from   tbe   pallet 
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center,  the  draw  from  the  lockincr  corners  of  the  pallets, 
and  the  inclination  of  the  teeth  from  the  locking  edge. 

In  the  fork  and  roller  action,  the  angle  of  motion,  the 
width  of  slot,  tile  rubv  pin  and  its  shake,  the  freedom 
between  dart  and  roili  r  ,,f  ruby  pin  with  acting  edge  of  fork 
and  end  of  horn  are  all  measured  from  the  pallet  center, 
while  the  impulse  angle  and  the  crescent  are  measured  from 
the  balance  center.  A  sensilile  drawing  board  measures 
17x24  inches,  we  also  require  a  set  of  good  drawing  in- 
struments, the  finer  the  instruments  the  better;  pay  special 
attention  to  the  compasses,  pens  and  protractor;  add  to 
this  a  straight  ruler  and  set  square. 

The  best  all-round  drawing  paper,  both  for  India  ink 
and  colored  work  has  a  rough  surface;  it  must  be  fas- 
tened firmly  and  evenly  to  the  board  by  means  of  thumb 
tacks ;  the  lines  must  be  light  and  made  with  a  hard  pencil. 
Use  Higgins'  India  ink,  which  dries  rapidly. 

We  will  begin  by  drawing  the  center  line  A'  A  B ;  use 
the  point  B  for  the  escape  center;  place  the  compass  on 
it  and  strike  G  H,  the  primitive  or  geometrical  circle  of 
the  escape  wheel;  set  the  center  of  the  protractor  at  B 
and  mark  off  an  angle  of  30"  on  each  side  of  the  line  of 
centers ;  this  will  give  us  the  angles  ABE  and  A  B  F  to- 
gether, forming  the  angle  F  B  E  of  60°,  which  represents 
from  lock  to  lock  of  the  pallets.  Since  the  chord  of  the 
angle  of  60*=  is  equal  to  the  radius  of  the  circle,  this  gives 
us  an  easy  means  of  verifying  this  angle  b\  placing  the 
compass  at  the  i)oints  of  intersection  of  F  P.  and  F  P.  with 
the  primitive  circle  G  11;  this  distance  must  be  equal  t(i  the 
radius  of  the  circle.  At  Miesc  points  we  will  construct  riijlit 
angles  to  E  B  and  I"  P.,  thus  forming  the  tangents  C  A  and 
D  A  to  the  primitive  circle  G  11.  Tlio^e  tangents  meet  on 
the  line  of  centers  at  A.  which  will  1)-  t!i..'  pnllet  ciiittr. 
Place  the  coiii])ass  at  A  and  draw  t!'c  looking  ^'.vdv  M  N  at 
the  pomts  of  iri!orscctioii  of  i-]  K  an/i  i'  U  w'i'i  tl't-  |)rimiiive 
circle  G   H.    The  !oekii,g  id-cs  of  the  paU.t-   will  alwavs 
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stand  on  this  circle  no  matter  in  what  relation  the  pallets 
stand  to  the  wheel.  Place  the  center  of  the  protractor  at 
B  and  draw  the  angle  of  width  of  pallets  of  6"  ;  I  B  E  being 
for  the  engaging  and  J  B  F  for  the  disengaging  pallet.  In 
the  equidistant  pallet  I  B  is  drawn  en  the  side  towards  the 
center,  while  J  B  is  drawn  further  from  the  center.  If  we 
were  drawing  a  circular  pallet,  one-half  the  width  of  pallets 
would  be  placed  on  each  side  of  E  B  and  F  B.  At  the  i)oints 
of  intersection  of  I  B  and  J  B  with  the  primitive  circle  G  H 
We  draw  the  path  O  for  the  discharging  edge  of  the  engag- 
ing and  P  for  that  of  the  disengaging  pallet.  The  total 
l(Kk  being  i^°,  we  construct  V  A  at  this  angle  from  C  A ; 
the  i^iint  of  intersection  of  V  A  with  the  kxking  circle 
M  X,  is  the  position  of  the  locking  corner  of  tiic  engaging 
pallet.  The  pallet  having  12°  draw  when  locked  we  place 
the  center  of  the  protractor  on  this  corner  and  draw  the 
angle  Q  M  E.  O  M  will  be  the  locking  face  of  the  engag- 
ing pallet.  If  the  face  of  the  pallet  were  on  the  line  E  B 
there  would  be  no  draw,  and  if  placed  to  the  ojiposite  side 
of  E  B  the  tooth  would  repel  the  pallet,  forming  what  is 
known  as  the  repellant  escapement. 

Having  shown  how  to  delineate  the  locking  face  of  the 
engaging  pallet  when  locked,  wo  will  now  consider  how 
to  draft  both  it  and  the  disengaging  pallet  in  correct  posi- 
tions when  unlocked;  to  do  so  we  direct  our  attention 
until  further  notice  to  Fig.  28.  The  locking  faces  O  .M  of 
the  engaging  and  S  X  of  the  disengpging  pallets  are  sliown 
in  dotted  lines  z.'hcu  locked.  We  nni^t  now  consider  the  re- 
lation which  the  locking  faces  will  lioar  to  E  P.  in  the  en- 
gaging, and  to  F  P.  in  the  disenti^aging  pallets  when  un- 
locked. This  is  a  question  (if  sonic  im[K>rtance  ;  it  is  easy 
enough  to  rei)reseiit  the  12'  fnmi  the  30^  angles  when 
locked;  we  iiuist  be  certain  that  they  would  nccurv  ex- 
actly that  position  and  yet  shnv  tliem  unlocked  :  we  s'\".!I 
take  pains  \n  do  so.  Tn  duo  time  wo  sh.ri!!  sb.!>w  tl?:>.t  thort' 
is  no  api)recialile  loss  of  lift  on  the  engaging  pallet  in  the 
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escapement  illustrated;  the  angle  T  A  V  therefore  shows 
the  total  lift ;  we  have  not  shown  the  corresponding  angles 
on  the  disengaging  side  because  the  angles  are  somewhat 
diflFerent.  but  the  total  lift  is  still  the  same.  G  H  represents 
the  primitive  circle  of  the  escape  wheel,  and  X  Z  that  of 
the  real,  while  M  N  represents  the  circular  course  which  the 
locking  corners  of  the  pallets  take  in  an  equidistant  escape- 
ment. At  a  convenient  position  we  will  construct  the  circle 
C  C  D  from  the  pallet  center  A.    Notice  the  points  e  and  c, 
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where  \'  A  and  T  A  intersect  this  circle;  the  space  between 
e  and  c  represents  the  extent  of  the  motion  of  the  pal- 
lets at  this  particular  distance  from  the  cente:  A;  this  be- 
ing so,  then  let  us  apply  it  to  the  engaging  pallet.  At  the 
point  of  intersection  o  of  the  dotted  line  Q  M  (which  is  an 
extended  line  on  which  the  face  of  the  pallet  lies  when 
locked),  witli  the  circle  C  C  D,  we  will  plant  our  dividers 
and  transfer  ^  c  to  o  h.  By  setting  our  dividers  on  o  M  and 
transferring  to  u  M',  we  will  obtain  the  location  of  Q'  M', 
the  locking  face  when  unlockcu.     Let  us  now  turn  our  at- 
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tcntion  to  tlie  disengaging  pallet.  The  dotted  line  S  X  rep- 
resents the  location  of  the  locking  face  of  the  disengaging 
pallet  when  locked  at  an  angle  of  12°  from  F  B.  At  the  in- 
tersection of  S  X  with  the  circle  C  C  D  we  obtain  the  point 
;.  The  motion  of  the  two  pallets  being  equal,  we  transfer 
the  distance  c  c  with  the  dividers  from  ;  and  obtain  the 
point  /.  By  setting  the  dividers  on  ;  X  and  transferring  to 
/  X'  we  draw  the  line  S'  X'  on  which  the  locking  face  of  the 
disengaging  pallet  will  be  located  when  unlocked.  It  will 
be  perfectly  clear  to  anyone  that  through  these  means  we 
can  correctly  represent  the  pallets  in  any  desired  position. 

We  w:'.  notice  that  the  face  Q'  M'  of  the  engaging  pal- 
let when  unlocked  stands  at  a  greater  angle  to  E  B  than  it 
did  when  locked,  while  the  opposite  is  the  case  on  the  dis- 
engaging pallet,  in  which  the  angle  S'  N'  F  is  much  less 
than  S  N  F.  This  shows  that  the  deeper  the  engaging  pal- 
let locks,  the  lighter  will  the  draw  be,  while  the  opposite 
holds  good  with  the  disengaging  pallet ;  also,  that  the  draw 
increases  during  the  unlocking  of  the  engaging,  and  de- 
creases during  the  unlocking  of  the  disengaging  pallet. 
These  points  show  that  the  draw  should  be  measured  with 
the  fork  standing  against  the  bank,  not  when  the  locking 
corner  of  .the  pallet  stands  on  the  primitive  circle,  as  is  so 
often  done.  The  recoil  of  the  wheel  (which  determines 
the  draw),  is  illustrated  by  the  difference  between  the  lock- 
ing circle  M  X  and  the  face  Q  M  for  the  engaging,  and"  S  N 
for  the  disengaging  pallet,  and  along  the  acting  surface  it 
is  alike  on  each  pallet,  showing  that  the  draft  angle  should 
be  the  same  on  each  pallet. 

A  number  of  years  ago  we  constructed  the  escapement 
model  which  we  herewith  illustrate.  All  the  parts  are 
adjustable;  the  pallets  can  be  moved  in  any  direction,  the 
draft  angles  can  be  changed  at  will.  Through  this  model 
we  can  practically  demonstrate  the  points  of  whic*^  "'e  have 
spoken.  Such  a  model  can  be  made  by  workmt  after 
studying  these  papers. 
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In  botli  tlic  equidistant  and  circular  pallets  the  locking 
face  S  \  of  tlif  disenjjafjinfr  pallet  deviates  more  from 
tlic   locking  circle   -M  X    than  does  the  locking  face  Q  M 


of  the  engairintr  {)allct.  a<  will  ho  <;ccn  in  the  diagram.  This 
i^  iK-caiivc  tlR>  draft  anisic  i>  struck  from  K  B  which  deviates 
from  the  lockini:  circle  in  such  .1  irainier,  that  if  the  face 
or   a  iMii(.t   vMjie   [Manlcd  on   n  and  iockcd  (jc<-f<  ciiott^li  to 
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show  it,  the  wheel  would  actually  n-pcl  the  pallet,  whereas 
with  the  disengaginj;  pallet  if  it  were  planted  on  !•  K,  it 
would  actually  produce  draw  if  locked  very  deep;  this  is 
on  account  of  the  natural  deviation  of  the  30"'  lines  from 
the  locking  circle.  This  difference  is  more  pronounced  in 
the  circular  than  in  the  equidistant  pallet,  because  in  the  for- 
mer we  have  two  lockint,^  circles,  the  lari^cr  one  lieiii;:^  for 
the  engai,nng  pallet,  and  as  an  arc  of  a  large  circle  does  not 
deviate  as  nuich  from  a  straight  line  ns  does  that  of  a  smaller 
circle,  it  will  he  easily  understood  that  the  natural  dilYer- 
ence  before  spoken  of  is  only  enhanced  thereby.  I'or 
this  reason  in  onler  to  produce  an  acliKi!  draw  of  12^, 
the  engaging  pallet  may  be  set  at  a  slightly  greater  an- 
gle from  E  B  in  the  circular  escapement;  the  amount  de- 
pends ujwn  the  width  of  the  pallets;  the  re(iuirements 
are  that  the  recoil  of  the  wheel  will  be  the  same  on 
each  pallet.  We  must,  however,  repeat  that  one  of  the 
most  important  points  is  to  measure  the  draw  when  the 
fork  stands  against  the  bank,  thereby  incrcasiiii^  the  draw 
on  the  engaging  and  dccrcasiit<^  that  of  the  disengaging 
pallet  ditriitg  the  unlocking  action,  thus  naturally  balancing 
one    fault   with   another. 

We  will  again  proceed  with  the  delineation  of  the 
escapement  here  illustrated.  After  having  drawn  the  lock- 
ing face  Q  M,  we  draw  the  angle  of  width  of  teeth  of 
4>^°,  by  planting  the  protractor  on  the  escape  center  R. 
We  measure  the  angle  E  D  K,  from  the  locking  face  )f  the 
pallet;  the  line  E  \\  does  nd  touch  the  locking  face  of  the 
pallet  at  the  present  time  of  contact  with  the  tooth,  there- 
fore a  line  must  he  drawn  from,  the  jioint  of  contact  to  the 
center  15.  We  diil  -o  in  our  dr.-iwiiig  Imt  do  not  illustrate  it, 
as  in  a  reduced  engraving  01  tiii>  kind  it  would  be  too 
close  to  E  r.  and  wuuld  o;ilv  cause  confusi;!n.  We  will 
now  draw  in  the  lifting  angle  of  ^^  ^  for  the  tooili.  From  the 
tangent  C  A  we  draw  i  \  at  the  re(|uirrd  an-le  :  .'it  ilie 
point  of  intersection  of  T  A  with  Ju-  30'  lii'o  E  i'.  we  have 
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the  real  circumference  of  the  escape  wheel.    It  will  only  be 
necessary  to  connect  the  locking  edge  of  the  tootli  with  the 
line  K  B,  wiiere  the  real  or  outer  circle  intersects  it.     It 
nnist  he  drawn  in  the  same  manner  in  the  circular  escajx'- 
ment;  if  the  tooth  were  drawn  up  to  the  intersection  of 
K  15  with  T  A,  tlie  lift  would  he  too  great,  as  that  point 
is  further  from  the  center  A  than  the  points  of  contact  are. 
If  the  real  or  outer  rircle  of  the  wheel  intersects  Ixjth 
the  locking  circle  M  X  a.  d  the  paih  O  of  the  discharging 
edge  at  t!;e  points   where  T  A  intersects  them,  then  there 
will  be  no  loss  of  lift  on  the  engaging  pallet.     This  is  pre- 
cisely h.ow  it  is  in  the  diagram  ;  but  if  there  is  any  devia- 
tion, then  the  angle  of  loss  must  be  measured  oi>  the  real 
diameter  of  the  wheel  and  not  on  the  primitive,  as  is  usually 
done,  as  the  real  diameter  of  the  wheel,  or  in  other  words 
the  heel  of  the  tiHjth,  forms  the  last  point  of  contact.     With 
a  wilier  to<jth  and  a  greater  lifting  angle  tliere  will  even  be 
a   L^ain  of  lift   un   the  engaging  pallet;  the  pallet   in  such 
a  case   would  actually  require  a  smaller  lifting  angle,  ac- 
cording' tu  the  amount  of  gain.    We  gave  full  directions  for 
-neasuriiig  the   l.iss  when  describing  its  effects   in   Fig.   8. 
Whatever  tlie  lo.^s  amounts  to,   it  is  added  to  the  lifting 
plane  of  the  pallet.     In  the  diagram  under  discussion  there 
is  no  loss,  conseipiently  the  lifting  angle  on  the  i)allct  is  to  be 
5' '2°.     Irom  \''  A  we  draw  V  .\  at  the  recpiired  angle;  the 
point  of  intersection  of  \'  A  with  the  patli  O  will  be  the 
discharging  cdgi:  O.     It  will  now  only  be  necessary  to  con- 
nect the  locking  corner  M   with   it,  and  we  have  the  lift- 
ing plane  of  the  pallet;  the  discharging  side  of  the  pallet 
is    then   drawn    parallel    to   the    locking   face   and   made   a 
suitable  length.     We  will  now  draw  the  locking  edges  of  the 
tooth  by  placing  the  center  of  the  protractor  on  the  lock- 
ing  edge    M    and   construct   the    angle    U    M    M'    of   24° 
and  draw  a  crrcle   from  the  scape  center  B,  to  which  the 
line  M   M'  will  be  a  tangent.     We    will    utilize    this    cir- 
cle  in  drawing  in  the   faces  of  the  other  teeth  after  hav- 
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iiig  spaced  tlicin  off  24^  apart,  by  simply  putting  a  ruler 
on  the  locking  edges  and  on  the  peripliery  of  tlie  circle. 

We  now  construct  V\  '  A  as  a  tangent  to  the  outer  cir- 
cle of  tile  wheel,  thus  forming  the  lifting  angle  D  A  W 
of  3"  for  the  teeth;  this  corresponds  to  the  angle  T  A  C 
on  the  engaging  side.    W  A   touches  the  outer  circle  of 
the   wheel   at  the   intersection  of    I"   IJ   with   it.      We   will 
notice  that  there   is  considerable   deviation  of  W  A   from 
the  circle  at  the  intersection  of  J  li  with  it.     At  the  inter- 
secting of  this  point  we  draw  U  A  ;  the  angle  U  A  W'  is 
the  loss  of  lift.     This  angle  must  be  added  to  the  lifting 
angle    of    the    pallets;    we    see    that    in    this    action    there 
is  no  loss  on  the  engaging  pallet,  but  on  the  disengaging 
the  loss  amounts  to  appro.ximately  Ty°  in  the  action  illus- 
trated.    As   we  have  allowed   y^'  of  run   for  the  pallets, 
the  discharging  edge  1'  is  removed  at  this  angle  from  U 
A  ;  we  do  not  illustrate  it,  as  the  lines  would  cause  con- 
fusion being  so  close  together.     The  lifting  angle  on  the 
])allct  is  measured  from  the  point  P  and  amounts  to  5;.^=^ 
+  the  angle  of  tho  loss;  the  angle  \V  A  U  embraces  die 
above  angles  besides  ,'4°   for  run.     If  the  locks  arc  equal 
on  each  pallet,  it  proves  that  the  lifts  are  also  equal.    This 
gives  us  a  practical  method  of  proving  the  correctness  of 
the   drawing;  to  do  so,  i)lace  the  dividers  on   the  locking 
circle  M   N  at  the  intersectimi  of  T  A  and  \'  A  with  it, 
as  this  is  the  extent  (jf  motion;  transfer  this  measurement 
to  X,  if  the  actual  lift  is  the  same  on  each  pallet,  the  divid- 
ers will  locate  the  point   which   the  locking  corner  X  will 
occupx    i.'/u'/;   lockcil:  t!;is.  in  the   present   case,   will  be  at 
an   angle  of    i-ji''   below   the   tangent   I)   A.     By   this   sim- 
ile method,  the  corrccincss  of  our  i)r()position  that  the  loss 
of    lift    should    be    measured    from    the    outside    circle    of 
the  wheel,  can  be  proven.     We  often  see  the  loss  meas- 
ured for  the  engaging  pallet  on   the  primitive  circumfer- 
ence G  H,   and  on  the   real   circumference   for  the  disen- 
gaging: if  one  is  right  then  the  other  must  be  wrong,  as 
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tlurc  is  a  noticeable  deviation  of  the  tangent  C  A  from  the 
Iiriniitive  circle  Cl  H  at  the  intersection  of  the  locking  eircle 
M  X ;  had  we  added  tliis  amount  to  the  lifting  angle 
V  A  \'  of  the  engaging  i)allet,tlie  rc^-ult  would  have  been 
that  the  discharging  edge  O  would  be  over  1°  below  its 
present  location,  thus  showing  that  b)'  the  time  the  lift  on  the 
engaging  pallet  had  been  completed,  the  locking  corner  X 
of  the  disengaging  pallet  would  he  locked  at  an  angle  of 
2^4°  instead  of  only  i>'4°.  Many  watches  contain  pre- 
cisely this  fault.  If  we  wish  to  make  a  draft  showing  the 
pallets  at  any  desired  position,  at  tiie  center  of  motion  for 
instance,  with  the  fork  standing  on  the  line  of  centers,  we 
would  proceed  in  the  following  manner:  ioJ4°  being  the 
total  motion,  one-half  would  equal  5' 8°;  as  the  total  lock 
eq'ials  144,  we  deduct  this  amount  from  it  which 
leaves  5's  —  i;H  =  3^8°.  vvhich  is  the  angle,  at  which  the 
locking  corner  M  slu)uld  be  shown  above  the  tangent  C  A. 
Now  let  us  see  where  the  locking  corner  X  should  stand ; 
M  having  moved  up  5^8 ",  therefore  X  moved  down  by 
that  amount,  the  lift  on  the  pallet  being  5]/^"  and  on  the 
tooth  3^  (which  is  added  to  the  tangent  D  A  j,  it  follows  that 
N  should  stand  5,''j  +  3  —  5^8  =  3H°  above  D  A.  We  can 
prove  it  by  the  lock,  namely:  3>,s  f  i-}i  =  S!i°>  lia'f  the 
remaining  motion.  This  shows  how  simple  it  is  to  draft 
pallets  in  various  positions,  rcmemlicring  always  to  use  the 
tangents  to  tiie  primitive  circle  as  measuring  points.  We 
have  lulh  explained  how  to  draw  in  tiie  draft  angle  on  the 
pallets  when  unlocked,  and  do  not  require  to  repeat  it,  except 
to  say,  that  most  authorities  draw  a  tangent  R  X  to  the 
bilking  circk-  M  X',  forming  ir.  iilier  words,  the  right  angle 
R  N  A,  then  construct  an  angle  'ii  12"  from  R  X.  We  have 
drawn  ours  in  by  our  own  method,  which  is  the  correct  one. 
While  we  here  illustrate  S  N  R  at  an  angle  of  u'  it  is  in 
reality  ,'css  than  that  amount ;  had  wc  constructed  S  X  at  an 
angle  uf  12  from  R  X,  then  the  draw  would  he  12  from 
I'  1'.,    when    the    ])rimitive    circumference    of    the    wheel    is 
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reached,  but  inon;  than   12'  when  the  fork  is  ajjainst  the 
hank. 

Tlic  space  between  the  discliartjinj;  cdije  1'  anil  tlie  liecl 
of  the  t(x>th  forms  tlie  anj^le  of  ilrop  J  L5  I  of  I  '  .■  ^  ;  the 
definition  for  drop  is  that  it  is  the  freedom  for  wheel  and 
pallet.  This  is  not,  strictly  si)eakin|T,  perfectly  correct,  as, 
diirinj,'  the  unlockint;  action  there  will  be  a  rccoii  of  the 
wheel  to  the  extent  of  the  draft  angle  ;  the  heel  of  the  tooth 
will  therefore  ai)proach  the  edj;e  V,  and  the  dischar,!.,Mnf;  side 
of  the  pallet  approaches  the  tooth,  as  only  the  d'scharj^inj; 
edf^e  moves  on  the  path  1'. 

A  gt>od  lenL;th  for  the  teeth  is  i/io  the  diameter  of  t'.ic 
wheel,  measured  from  the  primitive  diameter  and  from  the 
locking;  cd^e  of  the  tooth. 

The  backs  of  the  teeth  are  hollowed  out  so  as  not  to 
interfere  with  the  pallets,  and  are  s'ven  a  nice  form  ;  like- 
wise the  rim  and  arms  are  drawn  in  as  liijht  and  as  neat  as 
possible,  consistent  with  strength. 

Having-  explained  the  delineation  of  the  wheel  and  ])allet 
action  we  will  now  turn  our  attention  to  that  of  the  fork 
and  roller.  We  tried  to  ex()lain  the=e  actions  in  such  a  man- 
ner that  by  the  time  we  came  to  delineate  them  no  difficulty 
would  lie  found,  as  in  our  analysis  we  discussed  the  subject 
suthciently  to  enable  any  one  of  ordinary  intelligence  to 
obtain  a  cnrrect  knowledge  of  them.  The  fork  and  roller 
action  in  straiijht  line,  right,  or  any  other  angle  is  delineated 
after  the  methods  we  are  about  to  give. 

We  specified  that  the  acting  length  of  f^rk  was  to  be 
e(|ual  to  the  center  distance  of  wheel  and  pallets:  this  gives 
a  fork  of  a  fair  length. 

Having  (bawn  the  line  of  centers  A'  A  we  will  con- 
struct an  angle  ci|ual  to  half  the  ;;ngular  moiii.n  of  the 
pallets:  the  latter  in  the  ca-e  under  consiileration  bi'ing 
10/4",  therefore  .^'  is  spaced  "b  on  each  ^idl'  of  the  lino 
of  centers,  ff.rming  tiie  imgies  ;;;  .\  k  01  lov,  .  i'laciiig 
our  (li\  i<lers  on  A  1*.  Uie  center  distance  of  '.scape  wheel  and 
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pallets,  \vc  plant  tlicm  on  A  an(L construct  cc;  thus  we  will 
have  the  actin-;  kiii^th  of  fork  and  its  path.  We  saw  in 
our  analysis  that  the  impulse*  aiiyl'-'  should  he  as  small  as 
possihie.  We  wilJ  use  one  of  28"^  in  our  draft  of  the  ilouhlc 
roller;  we  niif^lu  however  remark  t.iat  this  an^le  sIkhiM 
vary  with  the  construction  of  the  cscapcmcrit>»  ii>  diffi  reiil 
watches;  if  to<5  small,  the  halance  may  he  st(ii)ped  when  the 
escapement  is  IcKkcd,  while  if  t(^o  great  it  can  he  stopprd 
(luriin,'  the  lift;  l)Oth  these'  defects'  are  to  he  avoided.  The 
anodes  heinjf  respectively  10'  1'  and  28°  it  follows,  they  are 
of  tlie  fdllowinj;  proportions;  28°-;-  10.25—  ^/i^^*-  ^'"' 
impul>e  radius  therefore  hears  this  relation  (hut  in  the  in- 
verse ratio  to  tlic  anjjles),  to  the  acting  length  of  fork. 

We  will  ])ut  it  in  the  following  proportion;  let  .\c  etpial 
acting  length  of  fork,  and  .r  the  unknown  quanlit\  ; 
2i<:  10.25  ::\(:.v;  the  answer  will  be  the  theoretical  im- 
pulse radius.  Having  found  the  recpiircd  radius  we  plant 
one  jaw  of  our  measuring  instrument  on  the  point  of  inter- 
section of  r  f  with  k  \  or  in  A  and  locate  the  other  jaw  on 
the  line  of  centers;  we  thus  ohtain  .V  the  halance  center. 
Throu'.,di  the  points  of  intersection  before  designated  wc  will 
draft  X  .\'  and  V  V  forming  the  impulse  angle  X  \'  Y  of 
2S  .  .\t  the  intersection  of  this  angle  with  the  fork  angle 
k  .V  III,  we  draw  1  1  from  the  center  A  ;  thi>  gives  us  the 
theoretical  iminilst  circle.  The  total  lock  i)eing  i^i°  it 
follows  that  the  angle  described  by  the  balance  in  unlock- 
ing i^  1. 54  X  2.7316  =  4.788°.  According  to  the  specifica- 
tions the  width  of  slot  is  lobe  sH"  I  placing  the  center  of  the 
jifi  tractor  on  .\  we  construct  half  of  this  angle  on  eacii  side 
(if  /v  .\.  nhich  passes  through  the  center  of  the  fork  when  it 
re<ts  against  the  bank  ;  this  gives  us  the  angle  s  A  k  of  5 '  s  \ 
If  tlie  disengaging  pallet  were  shown  locked  then  in  A  would 
re])rcscnt  the  center  of  the  fork.  The  slot  is  to  be  made  of 
sufficient  depth  so  there  will  be  no  possibility  of  the  ruby  pin 
toiirliiiig  tlic  hoitoni  of  it.  The  rubv  pin  is  to  have  I'/i^ 
freedom  in  passing  the  acting  edge  of  the  fork;    from  the 
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center  A  wc  construct  the  an^Ie  /  A  it  of  i)^'' ;  at  the  point 
of  intersection  of  /  A  with  c  c  tlic  acting  radius  of  the  fork, 
we  locate  the  real  impulse  radius  and  draw  the  arc  ri  ri 
vvliich  descril)es  the  path  made  by  the  face  of  the  ruby  pin. 
Tlic  ruby  pin  is  to  have  >4°  oi  shake  in  the  slot ;  it  will  there- 
fore have  a  width  of  4]$°  ;  this  width  is  drawn  in  with  the 
rubv  pin  imagined  as  standing  over  the  line  of  centers  and  is 
then  transferred  to  the  position  which  the  ruby  pin  is  to 
occupy  in  the  drawing. 

The  radius  of  the  safety  roller  was  given  as  4/7  of  the 
theoretical  impulse  radius.  They  may  be  made  of  various 
proportions ;  thus  ^^  is  often  used.  Remember  that  the 
smaller  we  make  it,  the  less  the  friction  during  accidental 
contact  with  the  guard  pin,  the  greater  must  the  passing 
hollow  be  and  the  horn  of  fork  and  guard  point  must  be 
longer,  which  increases  the  weight  of  the  fork. 

Having  drawn  in  the  safety  roller,  and  having  specified 
that  the  freedom  l)ctwoen  the  dart  and  safety  roller  was  to 
be  lli°,  the  dart  being  in  the  center  of  the  fork,  conse- 
quently k  A  is  the  center  of  it;  therefore  we  construct  the 
angle  kAX  of  ij:i°.  At  the  point  of  intersection  of  X  A 
with  the  safety  roller  we  d.-aw  the  arc  ,;;  ,;;  this  locates  the 
point  of  the  dart  which  we  will  now  draw  in.  We  will  next 
draw  d  .V  from  the  balance  center  and  touching  the  point 
of  the  dart ;  we  now  construct  b  A'  at  an  angle  of  5°  to  it. 
This  is  to  allow  the  necessary  freedom  for  the  dart  when 
entering  the  crescent ;  from  .\'  we  draw  a  line  through  the 
center  of  the  ruby  pin.  We  do  not  show  it  in  the  drawing,  as 
it  would  be  intliscernible,  coming  very  close  to  .\'  X.  This 
line  '.vill  also  pass  through  the  center  of  the  c-escent.  .\t  the 
point  of  intersection  of  .\'  b  with  the  safety  roller  wc  have 
one  of  the  edges  of  the  crescent.  By  placing  our  compass  at 
the  center  of  the  crescent  on  the  periphery  of  the  roller  and 
on  the  edge  which  we  have  just  fotmd,  it  follows  that  our 
( nmp.nss  v.ill  snan  the  radius  of  the  descent.  Wc  now  sweep 
the  arc   for  the  latter,  thus  also  drawing  in  the  remaining 
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half  of  the  crescent  on  tlie  other  side  of  A'  X  and  bringing 
the  crescent  of  suflicient  I'eptli  that  no  possibility  exists  of 
the  dart  toucliing  in  or  on  the  edges  of  it.  We  will  now 
draw  in  the  impulse  roller  and  make  it  as  light  as  possible 
consistent  with  strength.  A  hole  is  shown  through  the  iui- 
])u!se  roller  to  counterbalance  the  reduced  weight  at  the 
cre.scent.  When  describing  Fig.  24.  wc  gave  instructions 
for  finding  the  dimensions  of  crescent  and  position  of  guard 
pin  for  the  sinijle  roller.  We  will  find  t!ie  length  of  horn ; 
to  do  so  we  nnist  closely  follow  directions  given  for  Fig.  25. 
In  locating  the  end  of  the  horn,  we  must  find  the  location 
of  the  center  of  the  crescent  and  ruby  pin  aft'Cr  the  edge  of 
tile  crescent  has  passed  the  dart.  r>om  the  point  of  inter- 
section of  A'  b  with  the  safety  roller  we  transfer  the  radius 
of  the  crescent  on  the  periphery  of  the  safety  roller  towards 
tlie  side  against  the  bank,  then  draw  a  line  from  A'  through 
the  point  so  found.  .\t  point  of  intersection  of  this  line 
with  the  real  impulse  circle  r  ir  i  we  draw  an  arc  radiating 
from  the  pallet  center ;  the  end  of  the  horn  will  be  located  on 
this  arc.  In  our  drawing  the  arc  sjx)kcn  of  coincides  with 
the  dart  radius  j;  ^.  As  before  pointed  out,  we  gave  par- 
ticulars when  treating  on  Fig.  25,  therefore  considered  it 
unnecessary  to  further  complicate  the  draft  by  the  addition 
of  all  the  constructional  lines.  We  specified  that  the  free- 
dom between  ruby  pin  and  end  of  horn  was  t'>  be  I'j'^; 
(those  lines,  which  we  do  not  show)  are  drawn  from  the 
pallet  center.  Having  located  the  end  of  the  horn  on  the 
'•ide  standing  against  the  bank,  we  place  the  dividers  on  it 
anil  on  tlie  iioiiit  ot  intersection  of  Ic  A  with  _;,' ^' — wliicli  in 
tlii>  case  is  on  tiie  point  of  the  dart, — and  transfer  this  meas- 
uremeiit  along  -  t;  which  will  locate  the  end  of  the  horn  on 
the  ojjpositc  ^ide. 

We  have  tlie  acting  edges  of  the  fork  on  cc  and  have  also 
found  tlie  pusiiinii  i,\  tlie  end>  of  the  horns;  thi  ir  curvature 
is  (Ir;twn  in  tin  fnllouing  manner;  We  place  o\n"  ccm- 
pa>>e>   oil     \   and    /■  /.   >;)amiin;.;-  tlierefnn-   llio   real    impulse 
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radius ;  the  compass  is  now  set  on  tlic  acting  edge  of  the  fork 
and  an  arc  swept  with  it  which  is  tlien  to  lie  intersected  by 
another  arc  swept  from  tlie  end  of  the  liorn,  on  tlie  same 
side  of  the  fork.  At  tlie  jxiint  of  intersection  of  the  arcs  the 
compass  is  planted  and  the  curvature  of  the  horn  drawn  in, 
the  same  operation  is  to  be  reiH;ated  with  the  other  horn. 
We  will  now  draw  in  the  sides  of  the  horn  of  such  a  form 
that  shoukl  the  watch  rebank,  the  side  of  the  ruby  pin  will 
s(iuare)y  strike  the  fork.  If  the  back  of  the  ruby  pin  strikes 
the  fork  there  will  be  a  greater  tendency  of  breaking  it  and 
injuring  the  pivots  on  account  of  acting  like  a  w'edge.  The 
fork  and  pallets  are  now  drawn  in  as  lightly  as  possible  and 
of  such  form  as  to  admit  of  their  being  readily  poised.  The 
banks  are  to  be  drawn  at  equal  distances  from  the  line  of 
centers.  In  del'  •■ating  the  fork  and  roller  action  in  any 
desired  position,  .  must  be  remembered  that  the  points  of 
location  of  the  real  nnpulse  r'llius.  the  end  of  horn,  the  dart 
or  guard  pin  and  crescent,  must  all  be  obtained  zi'licn  stand- 
ing aiiaifist  the  bank,  and  the  arcs  drawn  which  they  de- 
scribe;  the  parts  are  then  located  according  to  the  angle  at 
which  they  are  removed  from  the  banks. 

We  think  the  instructions  given  are  ample  to  enable  any 
one  to  master  the  subject.  We  may  add  that  when  one 
becomes  well  ai^ipiainted  with  the  escapement,  many  of  the 
angles  radiating  from  a  comnmn  centei,  may  be  drawn  in 
at  once.  We  had  intended  describing  tlie  ir.^clianiLal  con- 
struction of  the  escapement,  which  does  unmistakably  present 
some  difficulties  on  account  of  the  small  <liniensi(,>ns  of  tlie 
])arts.  but  nevertheless  it  can  be  nucbanically  exc'-.ued  true 
to  the  principles  emnucrated.  We  have  evolved  a  method 
of  so  producing  them  that  young  men  in  a  comiKiratively 
short  period  have  made  them  froni  their  drafts  (  without 
automatic  machinery)  that  their  watclus  ^lart  off  when  run 
down  the  moment  the  crown  i-  tiHuIit<l.  IVrliaps  later  on 
we  will  write  up  the  subject.  It  is  i.ur  iiitenliiMi  nf  doing  so, 
as  we  make  u-^e  nf  such  e\pl;in.itiin>  in  mir  regul.ir  work. 


